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Abstract
This thesis investigates gender inequalities in healthy ageing among the older English pop-
ulation, using data from the English Longitudinal Study of Ageing. The research aims were
achieved by completing the following steps: (i) healthy ageing was intended as advancing to
the later stages of the life course without disability; where disability was first theoretically
conceptualized and then measured using severity levels that were identified empirically; (ii)
gender inequalities in healthy ageing were assessed by studying whether the association
between disability and mortality observed over the course of a decade differed between men
and women; and (iii) disability and mortality were combined into a summary measure of
population health -disability-free life expectancy- in order to estimate how expectancies of
healthy life have changed over a decade across the two genders. The work is structured in
four papers, denoted Research Paper I-IV.
Research Paper I, a systematic literature review of studies analysing inequalities in
health expectancy among the older population, inspired the direction taken by this thesis,
as it identified gaps and open questions to be addressed to aid the understanding of the
dynamics of healthy ageing. Research Paper II attempted to develop an approach to answer
some of these questions. First, a solid and theoretically grounded definition of disability
was proposed, based on the WHO’s International Classification of Functioning Disability
and Health (ICF), and in contrast to the data-dependent (and therefore heterogeneous)
measures used in the literature. Then, using this definition, explanations of the gender
paradox in health and mortality were attempted by analysing whether the association of
disability with mortality differed between women and men over the period for which data
were available (2002-2012). In Research Paper III the definition of disability elaborated
in Research Paper II was used to foster and advance the debate on the usefulness and
relevance of adopting a finer categorization of disability, and discuss why it is important to
go beyond a binary classification, and to identify the appropriate number of disability levels
ii
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that is most useful for research purposes. Based on these conclusions, the final aim of this
thesis was accomplished in Research Paper IV, which studied the trends in disability-free
life expectancy in England over the last decade, comparing the changes experienced by men
and women at each severity level of disability.
The collective findings of this thesis highlight the importance of defining disability in a
consistent and comprehensive way as well as considering different severity levels. This work
provides robust empirical evidence for theories of population health change over a decade in
the English setting, with gender differences in healthy ageing, and directions of population
health changes, found to vary across disability levels.
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Chapter 1
Introduction
Population ageing is unprecedented, pervasive, enduring and has profound implications [1].
Population ageing is the phenomenon observed when the median age of a population
increases due to rising life expectancy and/or declining fertility rates. Worldwide population
ageing over the past decades has mainly been driven by an increase in life expectancy, and
the most significant trend now affecting longevity is the decline in mortality among the
elderly [2].
The pace and magnitude of population ageing are unprecedented and this phenomenon
is expected to grow even faster in the next century. The number of people aged over 60
years in the world population today is almost 1 in 10 and by 2050 it is forecasted to be 1
in 5; the number of people aged 80 years or over, the ‘oldest-old’, is increasing even faster
than the number of older persons overall. Projections indicate that in 2050 the oldest-old
will triple in number since 2015, when there were 125 million [3]. Forecast for England and
Wales recently produced [4] have shown that national life expectancy in 2030 is expected
to reach 85.7 (95 % credible interval 84.2-87.4) years for men and 87.6 (86.7-88.9) years for
women, reducing the female advantage, and that most of the gains in longevity will be in
those older than 65 years of age.
Population ageing is pervasive, it is a global phenomenon, affecting every man and
woman worldwide. Countries, however, are at very different stages of the process, and the
pace of change differs greatly. In high-income countries the phenomenon has begun few
decades ago, while low-middle income settings have started the process later and will have
2
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less time to adjust. [5].
Population ageing is enduring in the sense that, since the 1950s, the proportion of
older persons has been rising steadily, passing from 8 percent in 1950 to over 12 percent in
2015, and is expected to reach over 21 percent in 2050 [3]. There is general agreement over
the fact that the maximum life span -the longest number of years a human being has lived-
has increased spectacularly in the past century. Scholarly opinion diverges, however, as to
whether these increases will continue or whether human longevity is approaching its limit [6].
Two main views have emerged with regard to this matter. The supporters of the “limited-
lifespan paradigm” maintain that the human body is biologically not designed for extended
survival and life expectancy will reach its limit [7, 8, 9]. The other view, known as the
“mortality-reduction” paradigm, does not see an end in the rising trends in life expectancy
and maintains that mortality at older ages will continue to decline [10, 11, 12, 13].
Population ageing has profound implications for society. Ageing is an individual ex-
perience, as well as a collective phenomenon. As an individual experience, being an ‘older
person’ is shaped by events and experiences throughout lifetime, including for example edu-
cation, work and retirement, and health and lifestyle choices. Ageing, however, is a process
that is also intimately intertwined with other people, institutions, and structures. It implies
facing new health needs and its impact on a progressively larger proportion of the popula-
tion will lead to their requiring assistance from other individuals and society, likely for long
periods of time. The financial burden on the health care system is one of the main challenges
currently faced by governments in many countries. Another consequence of ageing relates
to the pension system and retirement age. How long people will live after retirement, and
for how long they will be able to function autonomously, is crucial to the withstanding of
pension systems and for setting sustainable retirement ages. This is currently one of the
most intense points of debate. The greying of populations also poses social challenges on
how to promote successful ageing, and how to maintain high quality of life for individuals
as they age, as well as for those around them.
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Theories of population health change
Whether the years of life gained through increased longevity are spent in good or poor health
is a question which has been asked since the rise in life expectancy has shown to be consistent
and continuous, starting from the 1960s [14]. The answers have mainly crystallized around
three alternative theories: expansion of morbidity, compression of morbidity and dynamic
equilibrium. They are graphically represented in figure 1.1, borrowed from chapter 3 of The
Health of Population book. [15, p. 73]
The expansion of morbidity hypothesis was put forward by Gruenberg [16] in 1977
and Kramer [17] in 1980. According to this theory, increases in life expectancy are driven
mainly by improvements in medical care and secondary prevention strategies that avert fatal
outcome from degenerative diseases, whilst the epidemiology of these conditions remains
more or less the same. Mortality rates decline because people survive chronic diseases,
but in turn they live a longer part of their life with the condition, i.e. morbidity expands
together with longevity. The implicit assumption of this hypothesis is that advancements
in modern medicine reduce fatal incidence of degenerative diseases, but the progress of
pathologies will remain resistant to and unaffected by improvements in public health.
The compression of morbidity hypothesis was first proposed by Fries, in 1980 [18].
Opposite to the expansion theory, the hypothesis of compression of morbidity maintains that
the causes that have led to decreased mortality would also be linked to a lower incidence
of chronic diseases and delays in onset of chronic diseases and disability. The higher age
at onset of conditions implies that the time lived with disease would be compressed into a
shorter period at the end of life, if the expansion is greater than the increase in longevity.
One of the underlying assumptions in the compression hypothesis proposed by Fries is that
life expectancy has a limiting biological maximum [19], and delaying onset of diseases or
disability certainly leads to reducing the period of life spent with the conditions. Such an
assumption is not exempt from objections, especially considering current mortality trends.
It is however possible for compression of morbidity to occur if Healthy Life Expectancy
(HLE) increases faster than life expectancy, even if life expectancy continues to grow.
The hypothesis of dynamic equilibrium of morbidity lies in between expansion and
compression theories. It was first advanced by Manton in 1982 [20], which offered an
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alternative view of the processes behind the postponement of death from chronic disease.
According to Manton, the severity and progression of chronic diseases have changed, with
progression of disease halted at earlier stages, and the population being affected by disease
but less so from its consequences, such as disability and imminent death. The slowdown
in the rate of progression of disease would lead to (i) an increase in overall prevalence due
mostly to increases in the prevalence of mild and less disabling disease states, (ii) largely
stable rates of severe disease.
Empirical evidence has not yet clearly pointed at any of these theories as the one to be
preferred and the debate is still lively and open. For example, the hypothesis of expansion
of disability was supported for the US from 1964 to 1974 in a paper examining the trend in
the health of Americans, where overall life expectancy has increased over this decade, with
almost all of this increase being years of disability [21, 22]. The compression of morbidity
hypothesis was supported in some studies investigating trends in physical functioning and
activity limitations in the US during the 1980s, 1990s and the early twentieth century
[23, 24]. Other studies set in the US showed declines in the prevalence of Activity of
Daily Living (ADL) and Instrumental Activity of Daily Living (IADL)) [25, 26, 27, 28, 29].
Compression was also observed in Austria [30] and Spain [31]. The dynamic equilibrium
hypothesis was supported in the study of Graham and colleagues in New Zealand [32]. A
study set in France [33] showed that patterns differed depending on the disability measure
underlying the health indicator.
The lack of predominance of any of the aforementioned theories and the coexistence
of theories worldwide [34] and in particular in the UK, as described below in section 1.2,
along with the need of having a clear understanding on the current and future development
of the health state of longevity have motivated the development of the work of this thesis.
This thesis seeks to contribute to the debate on population health changes and to offer new
evidence for the English setting. Therefore, the three theories of population health change
are central references in this thesis, and are mentioned repeatedly through chapters while
they are, albeit succinctly, described again in Research Papers I, III and IV.
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Figure 1.1: Schematic representation of survival curves for the three main competing
hypotheses of population health change.
Source: The Health of Populations: Beyond Medicine [15, p. 73]
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1.1 Aims and objectives
This thesis investigates gender inequalities in healthy ageing among the older English pop-
ulation, over the past decade. The general research aim is achieved through a number of
consequent steps: (i) healthy ageing is intended as advancing to the later stages of the life
course without disability; where disability is first theoretically conceptualised, then mea-
sured accordingly, and finally severity levels are identified empirically; (ii) gender inequalities
in healthy ageing are assessed by studying whether the association between disability and
mortality observed over the course of a decade differ between men and women; and (iii)
each level of disability is combined with mortality into a Summary Measures of Popula-
tion Health (SMPH) -Disability-Free Life Expectancy (DFLE)- in order to estimate how
expectancies of healthy life have changed over a decade in England across the two genders.
The thesis is structured in four papers, denoted Research Paper I-IV, and the research
aims are achieved by targeting a number of linked objectives. Each research paper addresses
one or more of the objectives. They are summarised in table 1.1, with the corresponding
Research Paper and page of the thesis listed next to them.
1.2 Research context
This thesis uses data from the English Longitudinal Study of Ageing (ELSA) (described in
details in Chapter Four) which is set in England. With regards to the aims of the study,
England represents an interesting case because, as in all developed countries, over the past
decades its population has been experiencing a steady increase in Total Life Expectancy
(TLE). Life tables, based on the population estimates and deaths provided by the Office
for National Statistics (ONS) show that over the past three decades TLE at birth has
continuously increased, rising from 71.1 years in 1981 to 78 years in 2007/09 (+9.8%) for
men and from 77 years to 82.1 years for women (+6.6%). This increase in TLE has been
more dramatic in the older population: from 1981 to 2007/09, TLE of men aged 65 has
risen from 13.1 years to 17.8 years (+35%) and from 17 to 20.4 years for women (+19.8%)
(Figure 1.2).
Time-series of life expectancy and health expectancy have been available since the
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Table 1.1: Research objectives and Research Papers where objectives were addressed.
n Objectives Research Paper Page
1
To systematically review the literature that investigates
socioeconomic and demographic inequalities in health
and mortality using summary measures of population
health.
Research Paper I 16
2 To theoretically conceptualize and empirically measure
disability.
Research Paper II 69
3
To explore gender inequalities in the effect of disabil-
ity measured at baseline on mortality observed over a
decade.
Research Paper II 69
4 To identify an optimal number of severity levels of dis-
ability based on empirical evidence.
Research Paper III 103
5
To combine each level of disability with mortality in a
single indicator of population health, DFLE, and use
it to estimate how expectancies of healthy life have
changed over a decade across the two genders and across
different levels of disability.
Research Paper IV 126
6 To explore possible demographic and behavioural factors
explaining changes in DFLE observed over a decade.
Research Paper IV 126
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Figure 1.2: Trends in life expectancy from 1981 to 2009, by gender
Source: Office for National Statistics
1980s for the UK. However, no clear pattern has been found. Some research seems to
support the pessimistic view of expansion of morbidity. According to the study of Beb-
bington [35], in England and Wales since 1976 there has been a steady improvement in life
expectancy without disability, but the rate of improvement has not been more than the
rate of increase in TLE, hence most of the increase in TLE was with years with chronic
disability. However, an improvement, both in TLE and in DFLE, was found at older ages.
Another study monitoring HLE from 1980 to 1996 in Great Britain found that both TLE
and HLE increased, but the latter did not increase by as much as the former [36]. As a
result, both men and women, both at birth and at age 65, were expected to live most of
the gained years of life in poor health or with a limiting long-standing illness. A similar
work [37], investigating the same period but only in England and Wales, found that HLE
at age 65 had increased at a similar rate as TLE, with the result that the proportion of
remaining years of life free of disability was almost stable in this period. Similarly, Bone
et al. [38] showed that life expectancy without severe disability between 1976 and 1994,
roughly progressed in parallel with TLE in males at 65, which means that the number of
years lived with severe disability stagnated and even showed a decrease. More recently, a
review of the UK government’s Foresight Future of an Ageing Population project [39], using
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the latest routine national data made available by the ONS, has shown that increases in
DFLE and HLE in the UK are not keeping pace with gains in TLE at later ages, and real
health improvements are experienced by the younger rather than the older population. Fi-
nally, a study set in England [40], using health measures available in the Cognitive Function
and Ageing Studies (CFAS), has produced various health expectancies and shown evidence
supporting an absolute compression of cognitive impairment, a relative compression of self-
perceived health, and dynamic equilibrium of disability, over a period of twenty years, from
1991 to 2011. The increase in number of years with any disability was found to be higher
for years with mild disability than for years with moderate or severe disability. To ease
the understanding of the evolution of life expectancy and health expectancy over the past
three decades, studies are summarised in table 1.2 and sorted by period of investigation.
However, the comparison and combination of findings are limited due to the fact that the
studies referred to different age groups and disability was measured in different ways.
Lastly, for explanatory purposes, estimates of HLE in good self-rated health and DFLE
(defined in terms of long-standing illness) produced by the ONS are illustrated for the period
1981-2008 (figure 1.3). Over the past three decades, both indicators have increased over time
(i.e. more years of life in good health and without disability). This was observed at birth
and at age 65 years, among both women and men. On the other hand, the trend of DFLE
and HLE in proportional terms with TLE from 1980 to 2009 were rather fluctuating (figure
1.4). In the last decade, in particular, the proportions of DFLE have slightly increased
(lines with round marker), suggesting a reduction of the burden of disability. But this was
not the case for HLE, neither at birth nor at age 65.
As suggested, whether morbidity is expanding or compressing remains unclear, and in
part this seems to be dependent on how health and disability are measured.
1.3 Structure of the thesis
This thesis is presented in a series of research papers. It includes four published or sub-
mitted for review academic papers (Research Papers I-IV), and four additional chapters.
Each research paper is preceded by a preamble, which outlines the rationale for the study,
contextualises the research within the thesis, and links the article to the findings and ma-
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Figure 1.3: Trends in HLE and DFLE from 1981 to 2009, by gender
Source: Office for National Statistics
Figure 1.4: Trends in proportional HLE and DFLE from 1980 to 2009, by gender
Source: Office for National Statistics
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Table 1.2: Collection of studies on trends in health expectancy
Study Period Where Type of HE Age group Conclusions
Bebbington
[35](1988)
1976, 1981,
1985
England
and Wales
LLI All ages Expansion
Bone et al.
[38](1995)
1976-1994 UK Handicap Birth and 65
years
Dynamic equilibrium
Bebbington
and Darton
[37](1996)
1980-94 England
and Wales
LLI, ADL All ages Dynamic equilibrium
Kelly et al.
[36](2000)
1980-96 Great
Britain
SRH and LLI Birth and 65
years
Expansion
Jagger et al.
[40](2016)
1991-2011 England ADL and IADL 65 years + Dynamic equilibrium
Jagger
[39](2015)
2000/02-
2009/11
UK SRH and LLI Birth, 65 and
85 years
Expansion
LLI=limiting long-standing illness; SRH=self-rated health
Findings are general conclusions which not consider differences between age groups, genders and
severity levels of health indicators.
terial presented in preceding chapters. At the end of each research paper, a paragraph
synthesising the main findings and their relevance for the aims and objectives of the thesis
is also presented. Each paper was prepared as a standalone article and therefore there is,
inevitably, some repetition. The research papers already published or in press but published
online (I, II and III) are presented in the format of the journal where they have been pub-
lished. One research paper (IV) is prepared for publication but not yet submitted, and is
presented in the format of a regular chapter, and its content and structure are the same as
planned to be submitted to the journal, but the numbering of tables, figures and appendix
follows the order of the thesis, and relative references are reported at the end of the thesis
along with all the other references.
Figure 1.5 provides a visual representation of the conceptual development of the work
and how all the papers come together within the thesis. Some of the findings of the system-
atic literature review (Research Paper I, blue boxes) have motivated the development of the
thesis. Gaps and controversial findings that emerged from the review have been addressed
in Research Paper II (green boxes), Research Paper III (orange boxes) and Research Paper
IV (yellow boxes).
The thesis is organised in three main parts, as described below.
Part I contains the research background and rationale of the thesis. It includes this
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introductory chapter; Chapter Two, which consists of Research Paper I, a systematic liter-
ature review, published in PLOS ONE [41], that synthesizes studies on demographic and
socioeconomic inequalities in health expectancy in the older population. Chapter Three
presents the conceptual framework for disability and Chapter Four outlines the research
setting, explains in details the design and content of the data used in the thesis and dis-
cusses the advantages and disadvantages of the ELSA with respect to the aims of the
project.
Part II consists of three chapters including Research Paper II, III and IV, which
hold the quantitative analyses of the thesis. Research Paper II (Chapter Five) is published
in the European Journal of Epidemiology [42] and investigates the association between
disability and mortality focusing on gender differences in this relationship. Research Paper
III (Chapter Six) is in press in the Disability and Health Journal [43] and aims at identifying
a disability gradient and detecting a meaningful number of disability levels. Research Paper
IV (Chapter Seven) is planned to be submitted to the European Journal of Epidemiology,
and explores DFLE over the first decade of the 21st century, for each grade of disability as
quantified in Research Paper III.
Part III includes the discussion of the work presented in this thesis (Chapter Eight).
It brings together all the findings of the thesis and highlights its main contributions as well
as its limitations, pointing at avenues for future research.
The last part of the thesis consists of the main appendix, which contains ancillary
information, not necessary to understand the contents of papers and chapters, but providing
further details on methodological and technical elements of the thesis. It also includes other
disseminated work, such as posters and slides presented at international conferences.
1.4 Role of the candidate
The candidate contributed to conceptualizing all research questions and conducted all anal-
yses in the systematic review and research papers. The candidate wrote the first draft of
each paper, edited the draft based on co-authors’ comments, and was primarily responsible
for the final draft and submission of each article. She disseminated the PhD research work
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Figure 1.5: Schematic of conceptual development of the thesis
at international conferences, in the form of oral presentations and posters.
1.5 Ethical clearance
Ethical approval for the research included within this thesis was granted by the London
School of Hygiene and Tropical Medicine (LSHTM) ethics committee.
1.6 Funding
The candidate was awarded a three-year scholarship by the Economic and Social Research
Council (ESRC) complemented with the Advanced Quantitative Methods (AQM) Enhanced
Stipend, which covered research degree fees and an annual stipend. Most of the costs for
the PhD research, including attendance of courses, participation at conferences to present
PhD research and open access for the PhD publications were covered by Research Training
Support Grant (RTSG) provided by the ESRC Bloomsbury DTC. Attendance at conferences
was also funded by the LSHTM Faculty of Epidemiology and Population Health; as well as
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the Society for Social Medicine provided financial support to participate at the 59th Annual
Scientific Meeting, where Research Paper II was presented and a preliminary version of its
abstract printed in the Journal of Epidemiology and Community Health[44].
Chapter 2
Systematic Literature Review
2.1 Preamble to literature review
Research Paper I consists in a systematic literature review where the first objective of this
thesis is achieved:
• Research Objective 1: To systematically review research that investigates socioeconomic
and demographic inequalities in health and mortality using summary measures of pop-
ulation health.
The motivation for conducting a systematic literature review was (i) to capture the current
state of the art on inequalities in health expectancy among the older population; (ii) guide
the development of the thesis in the light of findings of the selected studies, in order to
investigate unexplored questions and provide new evidence to elucidate controversial results.
The content of the systematic literature review presented in this chapter allow to un-
derstand the dimensions of the phenomenon of demographic and socioeconomic inequalities
in healthy ageing, identify which research questions have already been asked and answered,
and acknowledge gaps and limitations in the existing literature.
2.2 Research Paper I
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Abstract
Aim
To collect, organize and appraise evidence of socioeconomic and demographic inequalities
in health and mortality among the older population using a summary measure of population
health: Health Expectancy.
Methods
A systematic literature review was conducted. Literature published in English before
November 2014 was searched via two possible sources: three electronic databases (Web
of Science, Medline and Embase), and references in selected articles. The search was
developed combining terms referring to outcome, exposure and participants, consisting in
health expectancy, socioeconomic and demographic groups, and older population,
respectively.
Results
Of 256 references identified, 90 met the inclusion criteria. Six references were added after
searching reference lists of included articles. Thirty-three studies were focused only on gen-
der-based inequalities; the remaining sixty-three considered gender along with other expo-
sures. Findings were organized according to two leading perspectives: the type of
inequalities considered and the health indicators chosen to measure health expectancy.
Evidence of gender-based differentials and a socioeconomic gradient were found in all
studies. A remarkable heterogeneity in the choice of health indicators used to compute
health expectancy emerged as well as a non-uniform way of defining same health
conditions.
Conclusions
Health expectancy is a useful and convenient measure to monitor and assess the quality of
ageing and compare different groups and populations. This review showed a general
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agreement of results obtained in different studies with regard to the existence of inequalities
associated with several factors, such as gender, education, behaviors, and race. However,
the lack of a standardized definition of health expectancy limits its comparability across
studies. The need of conceiving health expectancy as a comparable and repeatable mea-
sure was highlighted as fundamental to make it an informative instrument for policy makers.
Introduction
Between 2000 and 2050 the proportion of the world's population over 60 years is expected to
double from about 11 percent to 22 percent, according to WHO estimates [1]. Global ageing
has a major influence on disability trends. Higher disability rates among older people reflect an
accumulation of health risks across a lifespan of disease, injury, and chronic illness [2]. The
rapid increase in population ageing and the longer survival to chronic conditions has raised the
question of how healthily the gained years of life will be spent. Life expectancy has been used as
an indicator of population health for long time, but with the completion of the "Epidemiologi-
cal transition" and infectious diseases replacing chronic diseases [3], mortality has ceased to be
as tied to health as it was before and life expectancy does no longer capture population’s health.
This has led towards the development of a new measure, and in the 1960s the concept of health
expectancy was first introduced [4,5]. Health expectancy (HE) is a summary measure of a pop-
ulation’s health (SMPH) that expresses the average number of years that a person can expect to
live in "full health"[6]. This very basic definition of HE contains both the strength and limita-
tion of this indicator.
The main advantage of health expectancy is that it captures both the “quantity” and “qual-
ity” of life dimensions of health. As it combines information on mortality and health, it is more
informative than life expectancy to forecast expected healthcare costs and assistance needs, as
well as to plan pension systems and set age of retirement in a sensitive way; and from a societal
point of view, it helps to anticipate possible changes in social participation and social inclusion
at older ages. Information on health expectancy can be analyzed together with information on
life expectancy, and their trends related to each other and compared to assess whether the pro-
portion of life spent unhealthily is expanding due to the longer survival of individuals suffering
from chronic diseases [7], or compressing due to the postponement in the onset of morbidity
[8], or is associated with a redistribution of diseases resulting in a dynamic equilibrium [9]. HE
and the other SMPH have been also largely used to compare different populations and identify
and quantify health inequalities within and between sub-groups; for example between genders,
social classes, behavior-based groups, or across different countries. Comparisons in HE of dif-
ferent populations can be used to evaluate the performance of different health systems and to
identify the determinants of inequalities between populations [10].
On the other hand, one of the drawbacks of using this measure descends from the fact that
the whole concept of health expectancy depends on the interpretation given to “full health”.
This has generated a variety of ways of expressing health expectancy, differing depending on
the health indicators used to capture “full health”. Commonly used terms are disability-free life
expectancy, active life expectancy, healthy life expectancy and years of healthy life. These mea-
sures are not directly comparable and one is not preferable to another. Authors often define
health depending on the availability of the information they have access to or on the objective
they want to pursue. The problems arising from this lack of standardization have already been
pointed out [11] and efforts to find a global and homogeneous definition of health and
Inequalities in Health Expectancy among the Older Population
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disability at international level are growing. In 2001 the World Health Organization (WHO)
proposed a conceptual framework for describing functioning and disability: the International
Classification of Functioning, Disability and Health (ICF), which conceives and organizes
disability as a combination of three components: Impairment, Activity and Participation.
Descending from ICF, a more parsimonious conceptualization and measurement of disability
was proposed by the Washington Group on Disability Statistics, which uses a short set of six
questions to assess disability [12]. Following the same direction, an increasing number of
health surveys-such as the Health and Retirement Study (HRS), English Longitudinal Study of
Ageing (ELSA), Survey on Health Ageing and Retirement in Europe (SHARE)- run in different
countries and sharing similar intents have been trying to harmonize themselves and ask the
same questions for the most important health items, in order to facilitate the comparability of
studies at international level. Among these health indicators the most commonly used are
activities of daily living (ADLs), which are basic activities that are necessary to independent liv-
ing, such as eating, bathing and dressing; instrumental activities of daily living (IADLs) which
are activities that involve aspects of cognitive and social functioning, including for example
shopping and cooking; and self-rated health (SRH) which is a general self-evaluation of health
status and is usually assessed on a scale ranging from excellent to poor. The efforts made to
standardize the concept of health, however, have not been transferred yet to build an indicator
of health expectancy that is as much homogeneous and universal. The heterogeneity of the
measures falling under the wide umbrella term of “health expectancy” will be illustrated while
presenting the results of this review and the implications of this lack of agreement will be dis-
cussed further after showing the current state of affairs.
The widespread use of SMPH to measure and compare population’s health and the need of
shed some light on the complexity and the uncertainty surrounding the concept of health
expectancy have motived this systematic literature review. More specifically, the review seeks
to collect and give systematic appraisal of studies exploring socioeconomic and demographic
inequalities in health expectancy, focusing on the older population. Within this general aim,
the first objective was to appraise the extent of such inequalities and observe which factors
have been considered and which remain unexplored. The second objective was to assess the
strengths and limitations of using HE to study inequalities in healthy survival, especially in
terms of comparability of results across different studies and populations.
In the next section our search strategy is described and the processing and selection of refer-
ences are explained. Then, findings are organized and presented by type of inequality consid-
ered, type of health indicator used and methods applied to estimate health expectancy. Finally,
gaps in understanding HE are outlined and limitations acknowledged.
Methods
Search strategy
Two possible sources were considered for the literature review: 1) electronic databases, and 2)
references in selected articles. Electronic databases were the main source: we used Web Of Sci-
ence, Medline and Embase.
The search was developed to combine terms referring to outcome, exposure and partici-
pants of interest (Table 1). The general term health expectancy was declined using a number of
expressions all referring either to physical or general health, such as disability-free life expec-
tancy (DFLE), active life expectancy (ALE), healthy life expectancy (HLE). As the family of
SMPH is quite large and heterogeneous, given the size of the literature that uses this measure,
we decided to focus only on physical and self-reported health combined with mortality. We did
not include studies focused on mental functions and cognitive impairments, even if these may
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cause disability at later stages. The target population-the study participants- of this search was
older individuals. We did not use any specific age threshold to define old age, but general
expressions commonly applied to identify older adults and the most frequently used age
groups, such as 65+, were included among the keywords. The exposures of interest were socio-
economic and demographic variables. We used general terms, such as ‘socioeconomic factors’,
as well as specific components, e.g. education or income, and a wide range of demographic
terms including gender, marital and parental status, race and ethnicity. Table 1 shows text-
words and-where available- MeSH terms used in the systematic search.
Selection strategy
Titles and abstracts of all references identified in the search were screened applying exclusion
and inclusion criteria. The references shortlisted from this first screening were read in their
entirety and selection criteria re-applied to full texts. The lists of references of the resulting
studies were checked to ensure that all relevant articles were included in the search. Inclusion
and exclusion criteria were set according to the definitions of the outcomes, exposures and par-
ticipants and depending on the type of study (Table 2). As for the outcome, studies which did
not combine mortality and health in a single indicator were not included, as well as those
focused on mental health or cognitive-impairment free life expectancy. Analyses considering
only the impact of specific diseases on HE (e.g. diabetes) were not included either. Studies
focused on general populations, not exclusively targeted on the elderly, were included only if
estimates of HE were provided also for selected old ages. Finally, studies had to consider at
least one risk factor (exposure). Most of the studies stratified their sample by gender, and this
was considered satisfactory to meet the inclusion criterion. When data were available only at
the macro level (e.g. municipality, region) and an ecological approach adopted, references were
Table 1. Search strategy: keywords andMeSH terms for systematic literature review.
Concept Keywordsa MeSH termsb
1. Outcome: Health
Expectancy
“health* life expectanc*” OR “active life expectanc*” OR
“disability-free life expectanc*” OR “health* life year*” OR
“Health adjusted life expectancy” OR “disability adjusted life
expectancy” OR “disability life expectancy” OR “dependent
life expectancy” OR “life expectancy with disability*” OR
“health* expectancy*
Medline: Life expectancy, Mortality, Health Status Indicators,
Health Status, Health Status Disparities, Disabled Persons,
"Activities of Daily Living", Life Tables, Morbidity. Embase: life
expectancy, mortality, health, health status, health disparity,
disabled person, daily life activity, life tables, morbidity,
disability
2. Participant: Older
population
"old* age*" OR “old* adult*” OR “old* population” OR “old*
people” OR "aged 50" OR "aged 60" OR "aged 65" OR
"elderly people" OR “elderly population” OR “elderly” OR
“senior*”
Medline: Aged, Middle Aged, Adult, Aged, 80 and over, Age
Factors, Aging. Embase: aged, middle aged, adult, very
elderly, aging
3a. Exposure—
Socioeconomic
subgroups
“social class*” OR “education*” OR “socioeconomic factors”
OR “socioeconomic status” OR “socioeconomic position” OR
“Occupation*” OR “income” OR “employ*” OR “housing
tenure” OR “deprivation area” OR “deprivation index” OR
“poverty area*” OR “area* of deprivation”
Medline: Socioeconomic Factors, Occupations, Income,
Educational Status, Employment, Social Class, Social
Conditions. Embase: socioeconomics, occupation, income,
education, adult education, employment status, social class,
social status
3b. Exposure—
Demographic subgroups
“sex” OR” gender” OR “marital status” OR “parental status”
OR “fertility” OR “number of children” OR “race” OR “ethnicit*”
Medline: Sex Factors, Family Characteristics, Family
Relations, Child, Ethnic Groups, Population Groups, Male,
Female, Gender Identity. Embase: sex, parenthood,
marriage, cohabitation, ethnic group, ethnicity, male, female,
gender
a used in Web of Science, Medline and Embase.
b used in Medline and Embase.
* truncation symbol.
Searches combined with AND: 1 AND 2 AND 3a, 1 AND 2 AND 3b.
doi:10.1371/journal.pone.0130747.t001
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discharged. All quantitative studies and reviews meeting the criteria were included, while con-
ference abstracts, commentaries and editorials excluded.
Analysis
The findings of the studies included in this review were synthesized in a narrative format, and
organized adopting different perspectives. Data were extracted using a customized template
based on the PICOS statement and developed in Microsoft Excel including the following items:
author, year, setting and country, participants, exposure, outcome, measure of outcome, meth-
ods, and source of data (S1 Table). Consequently, we organized findings according to the expo-
sure of interest. Then, we distinguished studies according to the definition of HE they adopted
and the measures used to estimate it. Finally, we organized findings based on the methods used
to estimate HE. Results were reported following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [13] (S2 Table). The review protocol was not
registered.
Methods of estimating Health Expectancy
Two approaches are usually adopted to estimate HE: these are cross-sectional or longitudinal
methods. The first typically employs prevalence-based life tables, also known as Sullivan’s
Method [5]. The second is based on incidence rather than prevalence and often relies on incre-
ment-decrement life table methods, or multistate life tables (MSLT).
Sullivan (1971) provided the first calculation of DFLE. The Sullivan’s method is the most
commonly used (see for example Cambois et al.[14]; Crimmins and Saito[15]) because of its
simplicity and because it can be applied also to cross-sectional data. Forty-five of the references
collected in this systematic search used Sullivan’s method. These are cross-sectional studies
and studies comparing HE at different points in time.
The other approach to estimate HE is based on MSLT. MSLT takes into account the possi-
bility of returning to a state of health (or to a state of disability) using incident rates instead of
prevalence. In situations where longitudinal data are available, the incidence-based MSLT is
preferred because it most accurately reflects the impact of current conditions (i.e., disability
onset, recovery, and mortality) on the evolution of the target population. The MSLT model is
an extension of the simple period life table that underlies standard life expectancy estimates,
and it is the preferred method in analysis of health changes over time (Cai [16], p.4). Thirty-six
references in our search used MSLT to compute HE.
When prevalence and incidence remain constant between periods Sullivan’s method and
multistate life table have been found to produce similar results [17]. When either prevalence or
Table 2. Selection strategy: inclusion and exclusion criteria.
Concept Inclusion criteria Exclusion criteria
Outcome: Health Expectancy Studies estimating any of the outcomes listed in Table 1 Excluded: studies not centred on the outcome of
interest (i.e. mortality, health status, cognitive-
impairment free life expectancy)
Participants: Older population Studies focused on older population; studies on general
population where estimates of health expectancy were
provided also for selected old age groups
Excluded: studies not focused on older adult
population
Exposure: a. Socioeconomic
subgroups. b. Demographic
subgroups
Analysis considering any of the risk factors listed in Table 1 Macro level analysis, ecological studies
Type of study English, quantitative studies, reviews Conference abstracts, commentaries, reports and
editorials
doi:10.1371/journal.pone.0130747.t002
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incidence vary, Sullivan’s method may underestimate (or overestimate) health expectancy
because it produces estimates based on past (as opposed to current) probabilities of becoming
unhealthy.
Results
From the combination of the three databases, 256 references were identified and screened after
deduplication (Fig 1). After reviewing titles and abstracts and applying inclusion and exclusion
criteria, 110 references were read in full text and 90 selected (a list of the 20 studies considered
for inclusion, but finally excluded is provided in S3 Table). Checking the lists of references of
these studies, we identified 6 additional articles that were also included. Of the 96 references
composing this systematic review, 33 were focused only on gender-based inequalities; the
remaining 63 considered gender along with other exposures.
Findings from the 96 selected references were organized according to two leading perspec-
tives: the type of inequalities considered and the health indicators chosen to measure health
expectancy.
Inequalities in Health Expectancy
Gender-based inequalities. All studies selected in this literature review, but one, stratified
individuals by age and gender (only Crimmins and colleagues [18] did not include gender in
their analysis). All results showed evidence of a ‘gender paradox’. The gender paradox in health
and mortality was first observed in the mid 1970s [19,20] and consists in the finding that
women live longer than men, but tend to have worse health than males. Gender difference in
health expectancy can be assessed as the difference between males and females in the number
of healthy years or in the proportion of healthy years on total life expectancy. All studies found
that females spend a larger proportion of their life in disability than men, but when it came to
compare women and men in terms of the healthy-years gap, findings differed across studies. In
most cases women were found to live more years in good health than men at every age, but to
have a smaller proportion of health expectancy due to their longer survival. For example, in the
United States, in 1997 TLE at age 65 was 18.6 years for women and 12.6 years for men, and
ALE was 16 and 11.2 years respectively, meaning that women could expect to live 86 percent of
their life active and men 88.9 percent [21]. On the contrary, few studies [22,23] found that
women’s HE was shorter than men’s HE not only as a proportion of TLE, but also expressed as
number of expected healthy years. For example, Sauvaget et al. [24] found that TLE at age 75 in
the UK in 1993 was 10.6 years for women and 9.1 years for men, and ALE was 3.1 years for
women (corresponding to 29.2 percent of TLE) and 4.6 years for men (corresponding to 50.5
percent).
Whether gender inequalities remain constant as age increases or shrinks at older ages is not
clear. According to Minicuci and Noale [25] the ‘gender paradox’ applies to each age group
and for any severity of disability; Konno and colleagues [26] found that TLE is longer among
women than men until the age of 70 years, but gender-gap in life expectancy declines at older
ages, while the gender-gap in the proportion of ALE on TLE increases at older ages, with men
enjoying at every age over 90% of their life spent being active and women’s proportion of active
life falling from 90% at the age of 65 to 79% at the age of 85. On the contrary, other studies
[27–29] found evidence of shrinking gender gap in TLE and HLE at older ages.
Many arguments have been proposed to explain the ‘gender paradox’ in mortality and dis-
ability. In general, gender differences are largely due to mortality differences favoring women,
rather than differences in the onset of disability [30]. Higher disability prevalence among
women may be a function of longer survivorship in disability rather than higher incidence of
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disability [31,32], in that women have higher prevalence of nonfatal but disabling diseases and
men have higher prevalence of fatal diseases and chronic diseases strongly related to mortality
[22]. Chang et al. [31] ascribed Japanese women disadvantage in disabilities to gender inequali-
ties in socioeconomic status and disease profiles. The same explanation has been recently
adopted for gender differences in health and functional status in Latin America [27]. Robine
Fig 1. Flow diagram of systematic review.
doi:10.1371/journal.pone.0130747.g001
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and Cambois [33] attributed gender differences in ALE at age 65 to gender difference in ALE at
earlier ages, and found that the percentage differences were much higher at age 65 than at
earlier ages. Muangpaisan et al.[34] found evidence of gender paradox, but when HLE was
assessed through SRH, women and men had similar proportions of life expectancy reporting
‘‘being in good health”. This could suggest that women might accept some limitations of health
status better than men. Results produced by Ishizaki et al.[28]showed women having longer
TLE as well as longer years of dependency in activities of daily living (ADLs) as well as instru-
mental activities of daily living (IADLs) than men of the same age, but the proportions of phys-
ically active life expectancy (PALE) to TLE at any age did not greatly differ between men and
women. Jitapunkul et al.[35] found evidence of gender difference in long-term DFLE, but very
similar proportions of life expectancy spent unable to self-care between men and women. Tsuji
et al.[36] found a marked gender difference in the process of developing and progressing dis-
ability, where men experienced disability at a younger ages and at a faster rate than women; the
authors argued that this gender-based difference could be attributable in part to the differences
between women and men in prevalence and incidence of diseases, where women were found
for example to have significantly higher prevalence of arthritis and osteoporosis than men,
while stroke incidence was significantly higher in men, as well as heart disease. All these find-
ings would suggest that the strength and validity of gender differentials in HE may vary and
depend on the health indicators used to estimate HE and may be explained by a variety of
mechanisms, such as inequalities in socioeconomic position and social support and differences
in health behaviors and disease profile, all of which would lead to different prevalence of fatal
and nonfatal diseases in women and men.
Overall, the gender paradox is widely acknowledged and validated across different studies
set in different countries, both high income and low and middle income countries (LMIC). For
example, some of the results from our literature review showed evidence of the gender paradox
in Brazil[27,29,37–39], Mexico[40], Hong Kong[41], Japan[31,36,42,43], Singapore[44], China
[45–50], Bangladesh[23], Thailand[32,34,51–53], United States[22,30,54], Denmark[55–57],
England[58,59], Italy[25,60], Bulgaria[61], Turkey [62], France[14,63,64] and across Europe
[33,65–68].
Race-based inequalities. The studies of racial inequalities in HE included in our search
were all set in the United States [15,30,54,69,70] and are mainly focused on Black andWhite
differentials. The common finding is that Whites, as compared to any other ethnicity, enjoy
more years in good health, but the gap reduces at older age. Crimmins et al.[30] distinguished
Black and non-Black population and found generally non-significant race differences in TLE
in the older populations; however Blacks have lower ALE than non-Blacks because of race dif-
ferences in disability onset and recovery, deriving from socioeconomic inequalities. There is a
debate about the existence of a black-white mortality crossover and at what age it would take
place. Some argue that racial crossover is due to age misstatement by survey respondents[71].
Crimmins and colleagues [54] found evidence of mortality crossover by age 85 resulting in
higher TLE as well as in expected life free of bed disability. Other studies [69,70] found that
after age 75 black men and women have an advantage over Whites in both TLE and ALE.
When socioeconomic position (SEP) is controlled for, racial inequalities are larger among
lower socioeconomic groups, with low SEP Blacks being the most disadvantaged group [15].
According to Land et al.[70], after stratifying by education, Whites’ advantage in the corre-
sponding unstratified comparisons tends to narrow and Blacks’ disadvantage to decrease.
According to Guralnik et al.[69], SEP has a greater association with TLE and ALE than race.
Gender inequalities are also consistent across the different race groups: as their white counter-
part, black women live longer than black men and spend a higher proportion of their life in dis-
ability [30,69].
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Socioeconomic position-based inequalities. SEP can be measured via different indicators
or their combination. The studies included in this literature review identify SEP using
alternatively education, income, occupational or social class, area level deprivation, geographi-
cal area of residence (urban and rural), housing tenure, social support, or their combination
[31,47,72,73]. Whatever the indicator was, all findings agreed that individuals belonging to
lower SEP have shorter TLE and enjoy fewer years in good/active health. On the other hand,
the strength of this association may depend on the indicator used to measure SEP. There is no
agreement on which measure determines the largest SEP-based gap in HE and TLE. Some
results suggest that housing tenure and education-based inequalities have the strongest impact,
while the inequalities due to income were found not to be significant [72,73]. Other research
found income having some strong influences and occupation little impact [31].
The strength of the association between SEP and HE varied across countries. It was substan-
tial in the United States[15], while results pertaining to other countries, such as Indonesia [74],
revealed a weaker association. In general, in LMIC high SEP is associated with an expansion of
TLE that is accompanied by an expansion of years lived with disability.
It was commonly found that socioeconomic differentials in TLE and HE were larger for
men than for women. One of the possible explanations is that women’s SEP may be more a
function of their household’s SEP than their individual characteristics [72,73]. Accordingly,
Matthews et al. [73] measured women’s SEP through their husband’s job. Chan et al.[31] also
claimed socioeconomic inequalities between genders as one of the causes for gender-based
inequalities in disability life expectancy (DLE).
SEP-based differences in HE has been generally found to exceed SEP-based differences in
TLE, suggesting that inequalities are most pervasive with respect to quality rather than quantity
of remaining life [15,64,72,73]. Another common finding is that of a widening of the SEP gap
at increasing age [31,72].
Education-based inequalities. Since most studies measured SEP through education, spe-
cial attention was dedicated to HE gap deriving from education-based inequalities. The main
advantage of measuring SEP by education is that in most cases individuals have completed
their educational path by their early adulthood and this indicator is therefore stable across
ages. The vast majority of the studies included in this review confirmed the advantage of being
highly educated in terms of both TLE and HLE [15,38,72,73,75]. The consistency of these asso-
ciations seemed partly to be dependent on the country where the studies were set. Using data
from São Paulo and urban areas in Mexico, Beltran-Sanchez and Andrade[76] found some
indication of the role of education in influencing HE and TLE in Mexico and Brazil, but no sig-
nificant educational differences in transition probability (incidence and recovery from disabil-
ity, and mortality) (p. 827). The analysis of Hidajat et al.[74], showed that education among
older Indonesians was associated with increases in life expectancy that was accompanied by
longer life with functional problems. On the other hand, studies set in the US [69] found that
education impacted both TLE and ALE-and to a greater extent than race- although the differ-
ences between higher and lower educated individuals diminished at older ages[77]. In other
studies, using multiple indicators for SEP, education was found to be the most strongly predic-
tive measure for HLE and TLE [31,39,72]. Montez and Hayward [78] studied whether educa-
tional attainment mediated and moderated the health consequences of early-life conditions.
They found that early-life experiences were associated with TLE and ALE, even after adjusting
for education. On the other hand, more years of education predicted more years of life and
active life, regardless of childhood context (p. 431).
Behavior-based inequalities. It is generally recognized that lifestyle factors are associated
with both morbidity and mortality. These factors, in particular smoking, alcohol consumption,
overweight and obesity, and physical activity, have also been found to be associated with SEP
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in several populations [79,80] and this represents one of the mechanisms through which SEP
might influence health and mortality. However, overall, not many studies have explored the
consequences of healthy behaviors on HE among the older population. Results have shown
that smoking has a stronger association with mortality than morbidity, while overweight and
obesity, and to a lesser extent alcohol consumption, mostly with disability [81]. This difference
can be explained by the fact that a high body mass index (BMI), a measure of obesity, is more
likely to be associated with non-lethal disabling diseases, whereas smoking is more strongly
related to a number of fatal diseases, such as cancer. Weak association of overweight and obe-
sity with mortality but significant association with morbidity was also found in several studies
[82–85]; whilst another work [86] showed that mortality rates of overweight and obese partici-
pants were not only similar but sometimes better than those of normal weight ones. Flegal and
colleagues [87] undertook a meta-analysis of 8 large studies to understand the reasons behind
this BMI and mortality paradox. The choice of the reference category for computing the effect
measures and the cut points used to define the categories were found to influence estimates
and statistical power.
The negative effect of smoking on ALE was confirmed in all studies [77,88,89]. Also differ-
ences between heavy and light current smokers and recent and long-term quitters were found
in terms of both TLE and ALE. [89]. Only one study in this review considered the association
between physical activity and HE [88]. The authors combined this factor with smoking habits
and found that the negative effect of inactivity on survival and length of disabled life was com-
parable or even higher than the effect of smoking.
Health indicators used to measure Health Expectancy
One of the difficulties in comparing studies on HE derives from the heterogeneity of its defini-
tion. HE is a fairly generic measure that can refer to physical as well as cognitive status. This
systematic review was focused only on the former, expressed both in terms of general health
and disability. Disability however can be defined using a variety of indicators, and in some
studies more than one indicator was applied. In the following paragraph and tables we present
studies according to the measures adopted to define HE.
Table 3 shows the different health indicators applied to measure HE and the corresponding
definition of HE given by the studies included in this literature review. Most of selected refer-
ences measured HE using ADLs. Forty-two studies adopted exclusively this indicator and in
most cases HE was named either DFLE or ALE; other studies used the term ‘Life Expectancy
without ADL restrictions’, or ‘Years of life without functional disabilities’, or ‘Life Expectancy
without functional problems’. Ishizaki et al.[28] used the expression ‘Physically Active Life
Expectancy’ when HE was measured by ADLs, and ‘Instrumentally Active Life Expectancy’
when IADLs were applied. In other cases (seven references) ADLs and IADLs were combined
together and HE was named either DFLE or ALE. Fourteen studies used SRH to measure HE
and name this latter either ‘Healthy Life expectancy’, ‘Years of Healthy Life’ (YHL) or ‘Life
Expectancy in good health’; Lievre et al. (2007) [66] used the term ‘Healthy Working Life
Expectancy’ (HWLE), because their work was targeted on working population aged between 50
and 70. Other researchers applied various indicators of functioning and mobility, such as the
Barthel ADL index which describes ADLs and mobility using 10 variables[90], and the Chula
ADL index [91], composed of five items and conceived to be used in low-middle income coun-
tries; other studies referred to the mobility indicators selected by Nagi (1967) [92]that express
sensory-motor functioning of the organism, and are indicated by limitations in activities such
as walking, climbing, bending, reaching, hearing, etc.; other authors measured HE by sensory
function limitations, such as hearing, seeing, walking, etc. The Global Activity Limitation
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Table 3. Type of Health Expectancy by the most commonly used health indicators.
Health indicator (n studiesa) Type of Health
Expectancy
Reference
Activity of daily living (ADL) (42)
Disability-free Life
Expectancy (DFLE)
Al Snih et al. [82]; Andrade et al. [27]; Cambois et al. [63];
Campolina et al.[94]; Chan et al.[31]; Cheung and Yip [41];
Hayward et al. [95]; Karcharnubarn et al. [53]; Klijs et al. [81];
Matthews et al. [73]; Minicuni et al. [96]; Mutafova et al. [61];
Peres et al. [97]; Santos Camargos et al. [38]; Walter et al.
[85]
Active Life Expectancy
(ALE)
Branch et al. [98]; Diehr et al. [86]; Ferrucci et al. [88]; Gu
et al. [45]; Gurlanik et al. [69]; Izmirlian et al. [77]; Jiawiwatku
et al. [32]; Kai [99]; Katz et al. [100]; Laditka and Laditka [101];
Land et al.[70]; Matthews et al. [93]; Reyes-Beaman et al.
[40]; Reynolds et al. [102]; Reynolds and McIlvane [83];
Reynolds et al.[84]; Rogers et al. [103]; Sauvaget et al. [104];
Tian et al.[89]; Tsuji et al. [42]; Yi et al. [105]; Yi et al. [50]
Physically Active Life
Expectancy (PALE)
Ishizaki et al. [28]
LE without ADL
restrictions
Cambois et al. [64]; Jagger et al. [65]
Years of life without
functional disabilities
Yong et al. [44]
LE without functional
problems
Brayne et al. [59]
Instrumental activity of daily living (IADL) (1) Instrumentally Active Life
Expectancy (IALE)
Ishizaki et al. [28]
ADL + IADL (7)
Disability-free Life
Expectancy (DFLE)
Minicuci and Noale[25]; Jagger et al.[106]; Crimmins et al. [18]
Active Life Expectancy
(ALE)
Yong and Sayto [107]; Konno et al.[26]; Hayward et al. [108];
Cai and Lubitz [22]
Various combination of items including: ADL, IADL, Barthel
and Chula ADL index, mobility indicators (i.e. NAGI,
sensory function limitations, etc. . .) (24)
Disability-free Life
Expectancy (DFLE)
Crimmins et al. [54]; Jagger et al. [109]; Jitapunkul et al. [35];
Manton et al. [110]; Minicuci and Noale [60]; Muangpaisan
et al. [34]; Sagardui-Villamor et al. [111]; Santos Camargos
et al. [39]; Sauvaget et al. [24]; Tareque et al. [23]; Cambois
et al. [63]; Beltran-Sanchez and Andrade [76]
Active Life Expectancy
(ALE)
Jitapunkul et al. [52]; Kaneda et al.[72]; Manton et al. [112];
Montez and Hayward [78]; Tsuji et al. [36]; Zimmer et al. [47];
Hidajat et al. [74]
Healthy Life expectancy
(HLE)
Szwarcwald et al. [113]
LE without mobility
limitations
Jeune and Bronnum-Hansen [57]; Karcharnubarn et al. [53]
Functional Independence
LE
Liu et al.[114]; Cambois et al. [64]
Self-rated health (SRH) (14)
Healthy Life expectancy
(HLE)
Gu et al.[45]; Jitapunkul and Chayovan[51]; Karcharnubarn
et al. [53]; Mutafova et al. [61]; Ofstedal et al. [115]; Santos
Camargos et al.[29]; Yong and Saito [43]
Years of Healthy Life
(YHL)
Diehr et al.[116]; Diehr et al. [86]
LE in good health Bronnum-Hansen[55]; Cambois et al. [64]; Jagger et al.[65];
Jeune and Bronnum-Hansen [57]
Healthy Working Life
Expectancy (HWLE)
Lievre et al. [66]
(Continued)
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Index (GALI)—which measures long-standing severe disability through a single question such
as “For at least the past six months, to what extent have you been limited because of a health
problem in activities people usually do?”- was used in five studies. Eight studies measured
HE in terms of chronic morbidity, consisting in various chronic or long-term diseases or condi-
tion. Finally some authors computed multiple types of HE using different health measures
[41,45,53,57,61,63–65,93], this is why the total number of studies included in Table 3 (see col-
umn 2) is higher than the total number of studies included in the review. Table 4 presents esti-
mates of HE computed in a sample of four of these studies, to show the variability of HE
depending on the health measures adopted as indicator. In all these works TLE and HE were
measured at age 65, almost in the same years (2000 and 2002). In all studies one of the mea-
sures used to estimate HE was SRH, the lowest estimate was 5.8 years for women in Thailand
and the highest 10.3 years for women in Denmark. When health was measured using various
questions for ALDs, the proportion of HE on TLE was the highest, for example for men esti-
mates ranged from 84 percent in French men to 95 percent in Thailand (in this study HE was
named LE without self-care activity limitations), and for women 77 percent in France and 94.5
in Thailand.
Discussion
This literature review aimed both at providing a systematic appraisal of studies that investigate
socioeconomic and demographic inequalities in HE and giving a critical assessment of this
measure. To our knowledge, this is the first review on aggregate/macro level measures of health
expectancy in the older population to have been conducted systematically. A literature review
on active life expectancy was published in 2002 [71] but it was targeted on women and was not
systematic. Crimmins and Cambois [119] collected a number of studies focused on socioeco-
nomic inequalities in HE, but their work was aimed at providing a theoretical explanation of
HE and promoting the use of this indicator to design and implement policies.
With respect to the first objective of the review, two main results emerged. The first is the
heterogeneity of the indicators and methods used to measure health expectancy and the
Table 3. (Continued)
Health indicator (n studiesa) Type of Health
Expectancy
Reference
Global activity limitation index (GALI) (5)
Disability-free Life
Expectancy (DFLE)
Majer et al.[67]; Cambois et al. [14]
Healthy Life expectancy
(HLE)
Crimmins and Saito [15]
Active Life Expectancy
(ALE)
Robine et al. [33]
LE without GALI Cambois et al. [64]
Chronic conditions (8)
Years of life w/ and w/o
diseases
Yong et al.[44]; Cambois et al. [64]
Disease-free Life
Expectancy
Gu et al. [45]
LE free of impairment Jagger and Matthews [58]
Chronic Morbidity-free Life
Expectancy (CMFLE)
Jagger et al. [65]; van den Bos et al.[117]; Cheung et al. [41];
Deeg et al.[118]
a number of studies does not sum up to the total number of studies in the review, as some studies are counted more than once because several measure
of HE were estimated.
doi:10.1371/journal.pone.0130747.t003
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multiplicity of terms chosen to name it. It was generally observed that DFLE and ALE were
used interchangeably, while HLE mainly referred to life expectancy in good SRH, although this
was not always the case. Even when HE referred to the same dimension of health (e.g. func-
tional limitations) this was measured using very different indicators. Therefore, the different
levels of HE reported across studies may partly depend on the way healthy and unhealthy con-
ditions were defined and not just on the risk factors considered for the analysis. Some studies
computed multiple types of HE using different health measures [41,45,53,57,61,63–65,93].
This offered the opportunity to check to what extent the estimates of HE varied depending on
the health measure adopted as indicator. In all these studies, the largest proportion of TLE
lived healthily was observed when health was measured by limitations in ADLs, and the small-
est when chronic morbidity were used [41,45,64,65], while intermediate estimates were
obtained when using SRH. The other finding is the homogeneity of the results in terms of the
types of inequalities found, such as gender, education, behavior-based disparities. It is interest-
ing then to consider these two findings –the heterogeneity of the concept of health expectancy
and the homogeneity of the results by type of inequality- together. Regardless of how health
expectancy was measured, women were found to have longer life expectancy and spend a larger
proportion of their life in poor health or with disability than men, in every study. Similarly, the
existence of an educational gradient affecting positively both life expectancy and health
Table 4. Example of studies estimating multiple types of HE at age 65.
Women Men
Study—Setting, Year HE yearsa % of TLEa yearsa % of TLEa
Cambois et al.—France, 2002/03
TLE 20.5 100 16.9 100
w/o ADL restrictions 15.8 77 14.2 84
w/o GALI 12.2 59 11.2 66
in good perceived health 8.2 40 8 47
w/o functional limitations 6.6 32 6.7 40
w/o chronic diseases 5.4 26 5.4 32
Gu et al. (2009)—China, 2002
TLE 16.85 100 14.05 100
w/o ADL restrictions1 15.03 89.19 13.08 93.11
in good perceived health 7.74 45.93 7.17 51.06
w/o chronic diseases 6.27 37.2 5.69 40.54
Jeune et al. (2008)—Denmark, 2000
TLE 18.1 100 15 100
w/o mobility limitations2 11.9 65.6 12.4 82.4
w/o GALI 9.5 52.3 8.9 59.1
in good perceived health 10.3 56.6 9.7 64.3
w/o communication restriction3 15.3 84.3 12.9 85.7
Karcharnubarn et al. (2013)—Thailand, 2002
TLE 17.1 100 15.8 100
w/o self-care activities limitations4 16.1 94.5 15.2 95.8
w/o mobility limitations5 5.4 31.5 8.1 51.5
in good perceived health 5.8 34.1 6.9 43.4
a Different decimal points according to rounding precision reported in the studies.
1Katz's ADL index.
2walk 400 m without resting, walk up or down a staircase, carry 5 kg.
3read ordinary newspaper print, hear normal conversation, speak with minor or major difﬁculty.
4including only feeding dressing and bathing.
5Squatting, carrying thing 5kg, walking 1km, climbing stair2–3 ﬂights, taking a bus/ship alone.
doi:10.1371/journal.pone.0130747.t004
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expectancy was confirmed by all studies that considered such exposure; as well as belonging to
higher socioeconomic classes was found to lead to longer and healthier life. Findings were con-
sistent across studies and results homogeneous in terms of the direction of inequalities; never-
theless, the actual numbers of years of health expectancy that each category may expect to live
was not comparable across different studies. For example, it was possible to generally say that
women live a shorter proportion of their life without disability than men, but it was not mean-
ingful to report the precise year gap.
The other aim of the review was to give a critical appraisal of HE as summary measure of
population health and discuss the convenience of using it to study inequalities in health and
mortality. Two considerations are presented with this matter. First, one of the features in the
computation of HE is that analyses are driven by and constrained to the availability of mortal-
ity rates or life tables for the specific groups. This has led to the study of inequalities among cer-
tain groups only. Hence we found that papers concentrated on investigating inequalities in HE
by gender and SEP. However, how gender and SEP may influence HE is still controversial.
Some hypotheses have been advanced to explain gender inequalities, for example explaining
sex differences as a consequence of the differences in the prevalence of fatal and non-fatal dis-
eases among men and women, and partly ascribing the existence of the ‘gender paradox’ to
inequalities in socioeconomic characteristics between men and women. On the other hand, the
causes of SEP-based disparities are still unclear. One of the possible mechanisms explaining
this association are health behaviors; but not many researchers have been able to study their
role among older populations and if they did so, have focused only on some risk factors, such
as smoking and overweight, whilst other behaviors such as physical activity and diet have
remained almost unexplored. The second consideration –also mentioned in the introduction,
before the current state of affairs in literature was presented—pertains to the complexity of the
concept of health and disability and the difficulty of measuring it. The findings of this review
confirmed the limitations in comparing different studies because of the variety of health indica-
tors used to measure HE, the different estimation methods and the multiplicity of definitions
for HE. There is not agreement in the way of defining and conceiving HE and there is not a pre-
ferred interpretation either. Furthermore, currently there not seems to be efforts put in place to
address this problem.
A final aspect that emerged from this systematic search pertains to the way in which institu-
tionalized population has been considered across various studies. Institutionalized individuals
represent an important component of older populations. Data used to estimate HE are mainly
drawn from surveys that usually do not include these individuals. Some researchers combined
different sources of data to cover the whole (total) population[54,93,106,120], others included
hypotheses on the health condition of institutionalized population, assuming for example that
they were either as healthy as non-institutionalized individuals[33,65] or all impaired[64];
other studies simply did not include this section of the population into their analysis. This het-
erogeneous approach to institutionalized population is another possible source of bias to take
into consideration when comparing results from different studies.
Conclusion
The empirical evidence for the joint progress of morbidity and mortality are weak and scarce;
and results are contradictory [7–9]. The evolution of health in respect to mortality concerns
everyone as an individual perspective and involves the society as a whole –both in high and low
middle income countries- because the way in which the older population ages determines the
needs for health care and social protection, and impacts the availability of resources for youn-
ger generations. Health expectancy is a useful and convenient way of monitoring and assessing
Inequalities in Health Expectancy among the Older Population
PLOS ONE | DOI:10.1371/journal.pone.0130747 June 26, 2015 14 / 21
the quality of ageing. It allows comparing different groups and populations and identifying dis-
advantaged categories in order to detect specific factors that can help to promote healthy age-
ing. This review showed a general agreement of results obtained in different studies with
regard to the existence of inequalities associated with several factors, such as gender, education,
behaviors, race. Some studies considered more than one factor at the time and found a sort of
intersectionality of disparities, identifying particularly frail categories. Interventions should be
addressed both to protect specific categories at risk and to generally increase the proportion of
life that individuals spend in good health, without disability and being independent. This
would mean work in the direction of postponing the onset of disability in the general popula-
tion, as well as providing external help to carry out basic and complex activities (i.e. ADLs and
IADLs) after disability has occurred. To make health expectancy an informative instrument to
monitor the quality of ageing and learn class from the past and from the comparison with
other populations, this indicator has to be comparable and repeatable. We advocate the need of
standardizing health expectancy, both as a concept and in its measurement. This direction has
already been taken in surveys by asking same questions for measuring certain health items and
in research by assessing the validity of indicators across countries and validating different mea-
sures with each other [121,122]. What is still missing is to transfer and apply this to a summary
indicator. General guidelines should be drawn to clarify the concept of health expectancy and
more research carried out to investigate how best it could be computed. The advantage of using
health expectancy to capture population health has produced a vast body of literature that has
used this indicator to provide evidence of the existence of inequalities. To use these evidence
efficiently and provide more in the future in a consistent way and to make health expectancy a
global and informative instrument for policy makers, it needs to be conceived and estimated in
a standardized and universal way.
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2.3 Discussion
2.3.1 Potential impact of ignoring grey literature
This systematic literature review was based on published articles and book chapters, col-
lected via three electronic databases (Web of Science, Medline and Embase), and references
in selected articles. This means that grey literature was not considered and this must be
taken into account when interpreting the results.
The main source of grey literature on health expectancy comes from national websites
and government reports, as many countries regularly produce and report estimates of health
expectancy of their population. Excluding this evidence is likely to impact in particular
the results on gender inequalities, because national statistics most commonly are available
by sex and age groups. Estimates on health expectancies in some cases are available by
region, and less frequently governments calculate health expectancy by socioeconomic or
educational groups, or by ethnicity. The Office for National Statistics (ONS), for example,
produces yearly estimates of HLE and DFLE, by gender and age, and by deprivation area,
but data stratified by educational level or socioeconomic position are not available1. In New
Zealand, the Ministry of Health and Statistics reported estimates of HE by ethnicity2, and
in the US, HE calculated by the National Center for Health Statistics are available by race
group3. The European Health and Life Expectancy Information System (EHLEIS) has
recently produced country reports on health expectancies and for each European country
collected a list of publications and reports on health expectancies 4.
Therefore, the systematic literature review presented in this chapter must be read as
an exhaustive summary of published works on health expectancies which focused on the
older population, bearing in mind that additional evidence is available from grey literature
sources, mainly consisting in government reports and national statistics. The exclusion of
these sources may have had an impact particularly on the evidence reported with regards to
gender inequalities. However, one of the main findings of this review was that all 955 studies,
1http://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthandlifeexpectancies
2http://www.health.govt.nz/system/files/documents/publications/independent-life-expectancy-new-zealand-2013-jul15-v2.
pdf
3https://www.cdc.gov/nchs/data/misc/pophealth.pdf
4EHLEIS Country Reports Issue 10 (Technical report 2017 4 1, EHLEIS team, April 2017)
5Only one study did not consider gender in the analysis [45].
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which were set in different countries, included evidence of the existence of a gender paradox
in health and mortality. I believe that this fact supports the validity and generalisability
of this phenomenon, despite the potential loss of information arising from the exclusion of
grey literature. At the same time, cross-country comparisons would benefit from including
this source of information. However, it has to be pointed out that the problem of comparing
results produced in different settings, i.e. using different measures of health and methods,
would affect also the results derived from grey literature. Furthermore, grey literature is not
peer reviewed and therefore the quality and reliability of the presented evidence is uncertain.
2.3.2 Conclusions
Some findings of this systematic literature review have been particularly relevant for the
development of the thesis and are highlighted here.
1. Heterogeneous definitions of disability: as pointed out in Research Paper I, there is no
consensus for defining health, and discrepancies occur also for measuring disability. A
significant part of this thesis is devoted to conceptualise and measure disability. The
conceptualization requires choosing and embracing a theoretical approach to define
disability. To this aim, as described in Chapter Three, I have chosen a specific the-
oretical model of disability and relied on it consistently throughout the thesis. As a
result, in all research papers, disability is interpreted and conceived in the same way.
Its measurement derives from its conceptualization, and variables are selected accord-
ingly. Different methods are adopted to model disability depending upon the research
questions of each study. The theoretical conceptualisation of disability is presented in
Chapter Three and challenges related to its empirical measurement are addressed in
Research Papers II and III, and discussed in Chapter Eight.
2. Gender paradox in health and mortality: all studies included in the review agree on
the finding that women live longer than men but spend larger proportions of their
life in poor health -however health is defined- which is knwon in literature as gender
paradox in health and mortality. At the same time, there is discord around the causes
of the phenomenon and uncertainty over whether the gender paradox will continue to
exist in the future. Both findings have significantly influenced the development of the
CHAPTER 2. SYSTEMATIC LITERATURE REVIEW 41
thesis. One of the explanations proposed to understand the gender paradox maintains
that the gender gap is largely due to mortality differences favouring women, rather
than differences in the onset of disability [46]. According to this hypothesis, females
would have higher prevalence of nonfatal but disabling diseases, whilst males would be
affected by higher prevalence of fatal diseases and chronic diseases strongly related to
mortality [47]. Such a debate has inspired the research question of Research Paper II,
which tries to explain the gender paradox in health and mortality asking whether the
association of disability with mortality differs between women and men.
The choice of performing all the analyses of this thesis separately for men and women,
although it is a common practice in most studies, has also been partly dependent on
the special relevance of gender in our research. Only in Research Paper II, disability
was measured for the whole sample, but in the sensitivity analysis its measurement
was replicated separately by sex.
Chapter 3
Disability
3.1 Background
Conceptualizing and measuring disability is one of the main challenges of this thesis. In the
systematic literature review presented in Research Paper I, it was pointed out how broad
and heterogeneous its definition and measurement are across different studies. In Part II of
this thesis, the work of three further papers is presented, and to put them into context, this
chapter describes the theoretical approach that I have employed for measuring disability
and gives the background for the development of the conceptualization of disability.
These components are included in Research Papers II-IV as follows. In Research Paper
II, the theoretical framework of disability adopted and used throughout the thesis and the
measurement model conceived accordingly are presented. In Research Paper III, I assess
whether there exists a gradient in severity of disability and investigate how many levels
are relevant for both descriptive and health policy planning purposes. In Research Paper
IV, I use the results of the previous papers by examining how the selected categorisation
of disability relates to mortality in order to provide empirical evidence for (or against)
alternative theories of population health change over a decade specifically with regards to
the English setting.
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3.1.1 Models of Disability
A general definition of disability is included in the first chapter of the WHO’s World report
on disability [48], produced jointly with the World Bank. “Disability is complex, dynamic,
multidimensional, and contested”. This definition, as general as inclusive, discloses the com-
prehensive approach and the WHO’s intention of going beyond the models most commonly
used for describing disability. The most frequently mentioned models are the medical and
social models.
The medical model of disability recognises disability as a physical or mental impair-
ment pertaining to the individual and directly caused by disease, trauma or other health
conditions. Solutions to disability are found by focusing on the person and require medical
care in the form of individual treatment. Figure 3.1 graphically describes the main features
of the medical model and highlights the individual dimension of disability.
Figure 3.1: Medical model of disability
Source: http://www.making-prsp-inclusive.org/en/6-disability/61-what-is-disability/611-the-four-models.html
adapted from Harris and Enfield [49, p. 172]
The social model of disability views disability as an incapability or impossibility of
disabled subjects to interact with society, and therefore the causes of disability are identified
in external factors and interpreted as societal barriers rather than individual limitations [50].
The social model distinguishes between impairment and disability. Impairment is meant
as temporary or permanent conditions with which an individual lives, which may affect
their appearance, or the functioning of their mind or body, and cause pain, fatigue, affect
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communications, or interfere with mental capacity. Disability is not a condition a person
has, but rather something he/she experiences due to external factors, and as such is often
avoidable. For example, if a wheelchair user is unable to get into a building because of
some steps, the social model of disability sees the steps as the disabling barrier, and a ramp
would be the solution to get access into the building immediately. The medical model, in
contrast, would suggest that this is because of the wheelchair, rather than the steps. Figure
3.2 illustrates the main features of the social model and shows the main social drivers that
determine disability.
Figure 3.2: Social model of disability
Source: http://www.making-prsp-inclusive.org/en/6-disability/61-what-is-disability/611-the-four-models.html
adapted from Harris and Enfield [49, p. 172]
There is a variety of other models used to describe and explain disability, although not
as popular as the medical and social models. Models differ depending on how (and whether)
medical, social, political, cultural, economic and other factors are taken into account and
interpreted to understand disability. Among the existing models, the charity model sees
disability as a deficit and people with disabilities victims of their impairment and dependent
on other persons. The rights-based model is similar to the social model and is based on
the concepts of empowerment, which means that people with disabilities have the right to
participate in the society as active stakeholders, and of accountability, that refers to the
duty of society to implement these rights.
The medical and social models have often been considered antithetical, although the
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medical model does not discourage staging inclusive interventions towards disabled people,
but, simply, it relates disability to the individual and does not consider society as part of or
solution to the condition. The medical model is limited by not looking at social factors that
influence the experience of the person. In so doing, it puts the responsibility of disability on
the person alone. Similarly, the social model in no way rejects the idea of a person seeking
medical intervention to minimise the impact of their impairment, but does not attribute
the causes of disability to individual conditions. The problem, in this case, is that this
view sometimes is unrealistic. Someone with dementia, for example, will not be able to
participate fully no matter what social structures are put into place. The two models, in
fact, can be considered complementary rather than mutually exclusive. The International
Classification of Functioning Disability and Health (ICF) combines the different features
of the medical and social models and adopts a comprehensive view on disability. For this
reason, it is also described as a “bio-psycho-social model”.
3.1.2 Conceptual schemes of disability preceding the ICF
In the past decades, three main conceptual schemes have offered a theoretical interpretation
of disability preceding the development of the WHO’s ICF framework. A conceptual scheme
is a rudimentary scientific model that guides terminology, measurement and hypotheses. It
is the basic architecture on which research, policy, and clinical care are built [51]. These
schemes are, in chronological order, the “disablement model” proposed by Nagi [52] in
1965, the International Classification of Impairments Disabilities and Handicaps (ICIDH)
[53] developed in the 1970s and issued in 1980, and the “disablement process” proposed by
Verbrugge and Jette [51] in 1994.
In the 1970s, sociologist Saad Nagi shifted the approach to disability from a medically
based to a socially based interpretation, changing the focus from the physical consequences
of pathologies to the dynamic process that leads to functional consequences. He renamed
this process as “disablement” to highlight its dynamic nature. He defined disability as an
“expression of a physical or a mental limitation in a social context, a gap between the indi-
vidual’s capabilities and the demands created by the physical and the social environment”
and described disablement through four concepts: active pathology, impairment, functional
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limitation, and disability.
The ICIDH described the stages in the clinical course of a disease, from the onset of
disease to the consequent appearance of impairment, disability and handicap -not necessarily
in this order (see figure 3.3). To illustrate figure 3.3 with an example, a child with coeliac
disease, who is functionally limited, may be able to live a fairly normal life and not suffer
activity restriction; he could nevertheless suffer disadvantage by virtue of his inability to
partake of a normal diet [54, pag. 30]. This example shows the possibility of interrupting the
sequence at any stage. Therefore, one can be impaired without being disabled, and disabled
without being handicapped. The concepts of impairment and disability cover essentially
the same scope as Nagi’s disability, while the handicap component did not have a parallel
concept in Nagi’s disablement process. According to the ICIDH, impairment consisted of
a deviation from normal organ functioning, and was defined as “any loss or abnormality of
psychological, physiological, or anatomical structure or function”; disability was defined as
“any restriction or lack (resulting from an impairment) of ability to perform an activity in
the manner or within the range considered normal for a human being”. An impairment does
not necessarily lead to a disability, for the impairment may be corrected. Finally, handicap
was described as “a disadvantage for a given individual, resulting from an impairment or a
disability, which limits or prevents the fulfilment of a role that is normal (depending on age,
sex, and social and cultural factors) for that individual.” Handicap considers the person’s
participation in their social context.
The third model was proposed in 1994 by Verbrugge and Jette [51] and was presented as a
Figure 3.3: ICIDH’s stages
socio-medical model, called the “disablement process”. It described how chronic and acute
conditions affect functioning in specific body systems, generic physical and mental actions,
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and activities of daily life, as well as the personal and environmental factors that speed
or slow disablement. It maintained the Nagi’s original concepts but extended his model
by specifying dimensions of disability and including in the model relationships between
sociocultural factors and personal factors and the core disablement concepts. The term
process is described as “the dynamics of disablement, that is, the trajectory of functional
consequences over time and the factors that affect their direction, pace, and pattern of
change” as described in figure 3.4
Figure 3.4: Model of the Disablement process
Source: A model of the “Disablement Process” proposed by Verbrugge and Jette [51]
3.1.3 International Classification of Functioning, Disability and Health
The ICF framework is concisely described is Research Paper II and mentioned in Research
Paper III and IV. In this section it is explained and presented in more detail.
The ICF was officially endorsed by all 191 WHO Member States in the 54th World
Health Assembly on 22 May 2001, as the international standard to describe and measure
health and disability. It was developed through a long process involving academics, clini-
cians and people with disability [48]. It represents an advancement of the previous ICIDH
(1980). Some criticism was raised within the academic literature against the limitations of
clinical and other uses of the ICIDH [55]. Impairment, disability and handicap categories
were poorly defined and problems in classifying disabled individuals into a certain group
arose because the categories did not cover the whole spectrum of disability or conversely
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because they overlapped. Moreover, the ICIDH model was not adequate to describe all
types of disability, and problems occurred especially with mental health conditions. Fi-
nally, external factors were completely absent in the ICIDH model. The ICF advances the
ICIDH model especially addressing this last point: the inclusion of environmental factors
in creating disability is the main difference between the new ICF and the previous ICIDH.
According to the ICF, disability is composed of three interconnected areas, consisting
of impairment, activity limitations and participation restrictions. The impairment category
is also called body functions and structure and consists of problems with or alteration of
physical and mental domains, such as significant deviation or loss. Activity limitations are
difficulties in executing basic tasks or activities that a person does on a daily basis, for
example difficulties in moving or reading. Participation restrictions are problems in inter-
acting in the society due to disability, for example restricted participation in employment
and using public transport. As shown in figure 3.5, disability consists in any or all these
three dimensions. Health conditions, on the other hand, are underlying conditions that
may cause disability or appear during disability. The disability mechanism is determined
by contextual factors which interact with health conditions. Contextual factors are envi-
ronmental and personal factors. The former consist of the physical, social and attitudinal
environments in which people live and conduct their lives. These are either barriers to or
facilitators of the person’s functioning. They are not within the person’s control, such as
family, work, government agencies, laws, and cultural beliefs. Personal factors may include
gender, age, race, lifestyles, habits, education and profession. They represent influences
on functioning particular to the individual which are not represented elsewhere in ICF.
An example of this is when an individual cannot get a job due to lack of qualifications,
rather than any difficulty in functioning or problem in the environment. To exemplify the
dynamics illustrated in figure 3.5, let us consider the example of experiencing a cataract
in one or both eyes as a health condition, which is not disability per se, but may lead to
blindness (i.e. body function) and therefore to limited mobility (i.e. activity limitation)
and may prevent the individual from working (i.e. participation restriction). The described
mechanism, however, can be dramatically different depending, for example, upon the avail-
ability of information in format such as braille and reading tools, such as voice over text
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(i.e. environmental factor) and/or retraining for another career (i.e. personal factor).
Figure 3.5: Representation of the ICF.
Source: World Health Organization, Geneva 2011 [48]
3.2 Measurement challenges
The ICF is an international standard to measure disability, and enhances comparability
of studies and different settings. The drawback of the ICF’s comprehensiveness and broad
definition is the difficulty it imposes on measuring disability. First, it is necessary to identify
adequate variables to capture the three areas of functioning (impairment, activity limita-
tions and participation restrictions). Then, to combine them together and produce a single
indicator of disability. Furthermore, there is no international standard for how this should
be done. No gold standard questionnaire exists. The widely promoted questionnaires in-
stead focus on components (e.g. the Washington Group focuses on activities, see next
section).
3.2.1 Washington Group Questions
To facilitate the comparison of data on disability cross-nationally, the Washington Group
(WG) on Disability Statistics was formed in June 2001 -less than a month after the ICF was
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officially endorsed by the World Health Assembly- with the intent of providing statistical
and methodological support at international level. The WG has developed, tested interna-
tionally, and adopted a short and an extended set of disability measures suitable for use in
censuses, sample-based national surveys, or other statistical formats. The WHO’s ICF was
used as the basic framework for the development of these two sets.
The “short” set of questions was developed with the idea of balancing the importance
of collecting information on all aspects of the disablement process, and the difficulty of doing
so in censuses or surveys not dedicated to disability. As already pointed out, the survey
used for this thesis offers a wide set of questions covering different dimensions of health,
and therefore it has been possible to go beyond the WG short set of questions selected to
measure disability. However, in Research Paper III, the WG questions are used to validate
the disability indicator, and therefore they are briefly described here.
The short set of questions consists of six questions which identify the key variables to
measure disability according to the ICF framework. Answers to each question are multiple-
choice and include “no difficulty”, “yes - some difficulty”, “yes - a lot of difficulty” and
“cannot do at all”. The six WG questions are listed in Table 3.1 and the most similar ques-
tions available in ELSA are presented in the adjacent column. The selection of questions
was done in order to (i) represent the majority, but not all persons with limitations in basic
activity functioning in any one nation; (ii) represent the most commonly occurring limi-
tations in basic activity functioning within any country; (iii) capture persons with similar
problems across countries [56].
3.2.2 Measurement of ICF-based disability
In this thesis, disability has been measured in accordance with the ICF framework using data
from the English Longitudinal Study of Ageing (ELSA) (see Chapter Four). First, I selected
a broad number of self-reported questions covering the impairment, activity limitations and
participation restrictions domains. Variables were collected from the Computer-Assisted
Personal Interview (CAPI) questionnaire with the requirement of being available in other
waves and asked in a similar way. I identified a list of variables of interest and classified them
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Table 3.1: Short set of WG questions
WG Questions Questions asked in ELSA
1) Do you have difficulty seeing even if wearing
glasses?
Is your eyesight (using glasses or corrective lens as
usual) [excellent to poor]
2) Do you have difficulty hearing even if using a
hearing aid?
Is your hearing (using a hearing aid as usual) [ex-
cellent to poor]
3) Do you have difficulty walking or climbing
stairs?
By yourself and without using any equipment, how
much difficulty do you have walking for a quarter
of a mile?
4) Do you have difficulty remembering or concen-
trating?
How would you rate your memory at the present
time?
5) Do you have difficulty with (self-care such as)
washing all over or dressing?
Problems in at least one activity among: dressing,
bathing or showering, eating, using the toilet
6) Using your usual language, do you have diffi-
culty communicating (for example understanding
or being understood by others)
Do you find it difficult to follow a conversation if
there is background noise, such as TV, radio or
children playing?
in one of the disability domains using the ICF browser. The ICF browser (see figure 3.6) is
an online browser where any conditions included in the ICF framework are classified, coded
and defined. Each domain is organised in a hierarchical structure of four levels, from more
general to more specific classifications [57]. As described in Research Paper II, two authors
(independently from each other) classified each variable into one of the ICF categories, i.e.
impairment, activity limitations and participation restriction. In case of disagreement there
was discussion, and if needed a third person was involved and the ultimate classification
was based upon common agreement. The final list of selected variables was fully classified
and coded within the ICF hierarchical scheme (see table B.1 in the appendix to the thesis at
Chapter Ten). Second, I produced an indicator of disability. The measurement of disability,
based on the selected items, was one of the aims of Research Papers II and III. Methods
and results are fully described in the manuscripts presented at Chapters Five and Six. A
criticism of this approach, however, is that it is dependent on the questions asked in the
survey, and in this case in ELSA.
Unlike the approach adopted in this thesis, however, often only a much smaller set of
variables is available to capture disability. In a number of studies run by the International
Centre for Evidence in Disability (ICED), mainly in Low Middle Income Country (LMIC)
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Figure 3.6: WHO ICF browser
Example of search of “chest pain” and corresponding classification (b28011)
[58, 59], a comprehensive population-based survey methodology compatible with the ICF
was developed. The authors distinguished and compared three approaches for measuring
disability, and explored their relationship within the context of the ICF, and assessed how
the different approaches to measuring disability inter-related. (i) The first approach con-
sisted in a single direct question on disability, such as “do you have a disability?”. This
is known to lead to under-reporting, due to stigma and cultural perceptions of disability,
and is not considered adequate [59, 60] (ii) The second approach was based on multiple
self-reported functional limitations in core domains of function. In this case the focus is on
the “activities” component of the ICF. (iii) The third approach was to objectively measure
clinical impairments or presence of specific, potentially disabling, health conditions. This
approach focuses on the “body function and structure” (i.e. impairment) component of the
ICF. Impairment data alone, however, do not capture how the individual functions in his
or her environment and the overall disability experience. The authors found that the single
question on disability leads to significant under-reporting. Using a self-reported activity
limitation tool alongside clinical tools to measure specific impairments and health condi-
tions showed a high proportion of participants screening positive to moderate/severe clinical
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impairments and health conditions but not reporting significant activity limitations. The
results of the study just described exemplify the complexities posed by measuring disability,
even when a specific conceptual framework is selected. Similarly, as remarked in the Hand-
book of Aging and the Social Sciences, in Chapter Four [61], some research has shown a lack
of correspondence between individual characteristics that might generally be interpreted as
indicators of having a disability, and the perception that one actually has a disability. For
example, a study by Iezzoni et al. [62] examining perceptions of disability among people
with lower-extremity mobility difficulties showed that many people with serious mobility
problems do not view themselves as disabled, so that among persons with major mobility
problems, 70.8% perceived themselves as disabled, and among manual wheelchair users the
percentage was 80.5%.
For explanatory purposes, the table presented as part of the ICED work [58] to summa-
rize the three approaches for measuring disability is reproduced below (table 3.2), adapting
its content to the setting of this thesis. Examples of possible variables available in ELSA for
each of the approaches are listed, and the pros and cons (columns 3 and 4) are those iden-
tified by authors and are general considerations which determine the choice of one method
over another depending on circumstances (e.g. census vs health survey).
Table 3.2: Approaches for measuring disability (adapted from ICED (2014))
Type Example in ELSA PROs CONs
Direct Ques-
tioning
Do you have any long-standing illness, dis-
ability or infirmity? By longstanding I
mean anything that has troubled you over
a period of time, or that is likely to affect
you over a period of time?
Rapid and limited
space needed
Underreport (stigma
and lack of self-
identification)
Self-reported
for specific
components
Impairment: How good is your eyesight
for seeing things at a distance? Activity:
By yourself and without using any equip-
ment, how much difficulty do you have
walking for a quarter of a mile? Partici-
pation: Why don’t you use public trans-
port more often? My health prevents me
Simple to administer,
information on expe-
rience and impact of
the condition
Does not assist plan-
ning for assessment
of services/needs.
Objectively
measured
indicators
Impairment: grip strength measured us-
ing the Smedley dynamometer. Activity:
Observed and timed walking without/with
help of another person or using support.
Information on the
type of impairment,
severity and causal-
ity for intervention
Resource inten-
sive, only one
component of im-
pairment/activity is
captured.
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3.3 Short summary
In this chapter, the theoretical background for understanding disability was presented,
including the main conceptual schemes that have preceded the development of the WHO’s
ICF framework, which currently is the predominant framework for disability [63]. Disability
is a broad concept, and is influenced by impairment, environmental and personal factors.
Focusing on any single component of disability will mean that the whole picture cannot be
evaluated. Therefore, in the thesis I focus on the full ICF framework for disability, and will
be interested in impairment, activities and participation.
Alongside the theoretical approach to disability adopted in this thesis, I introduced
some challenges that arise when tackling its measurement. Findings from some of the re-
search investigating the relationship between distinct measures of disability were presented,
and showed that single direct questions on disability, multiple self-reported items of impair-
ment, activity limitations and participation restriction, and objectively measured indicators
often do not match, and persons having activity and participation restrictions and moderate
or severe clinical impairments are not uniquely identified. For each measurement approach,
some of the variables available in the ELSA were presented (tables 3.1 and 3.2). The wide
range of information on health covered in the ELSA questionnaires allows adopting different
approaches to measure disability, but there are also some limitations in translating certain
theoretical schemes of disability using this survey. In particular, when attempting to repro-
duce the short set of six questions selected by the WG, there was some inconsistency for
the question pertaining to communication. This domain was assumed to be measured by a
variable capturing hearing conditions rather than communication problems. A sensitivity
analysis was conducted in the Supplementary Information to Research Paper III (Chapter
6.3) excluding this domain from the short set of questions, and it was found that results
were not affected by whether our proxy for communication was or was not included.
The measurement of disability and the set of self-reported variables selected to capture
impairment, activity limitations and participation restrictions are described in details in
Part II of the Thesis (Chapters Five and Six).
Chapter 4
Research Background
This thesis relies entirely on secondary data from the English Longitudinal Study of Ageing
(ELSA). In each empirical research paper (i.e. Research Papers II, III and IV), an overview
of the data and a description of the sample selected for the study are provided succinctly
due to the word limits imposed by journals. In this chapter, ELSA is presented in more
detail and descriptive analyses of ELSA’s representativeness of its target population, in
particular in terms of disability and mortality, are performed.
4.1 English Longitudinal Study of Ageing
4.1.1 Background and rationale
In the mid-1980s, anticipating the rapid ageing of the population known as the Baby Boom
generation, scientists at the National Institute on Aging (NIA) and elsewhere recognized the
need for developing surveys focused on older populations which would be able to adequately
address contemporary ageing-related issues by adopting a multi-disciplinary approach. Con-
sequently, the Health Retirement Study (HRS) was launched in 1992, with the purpose of
collecting information on income, work, assets, pension plans, health insurance, disability,
physical health and functioning, cognitive functioning, and health care expenditures among
approximately 20,000 Americans over the age of 50 [64]. The success of the HRS and the
growing relevance of population ageing worldwide led to the development of a number of
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“sister” studies in several countries1, including both middle and high-income countries.
One of the sister studies was ELSA. The ELSA has been established to collect longi-
tudinal multidisciplinary data from a representative sample of the English population aged
50 and older (http://www.elsa-project.ac.uk/about-ELSA), to explore the dynamics
of ageing, to inform policy debates and for enhancing comparative analysis with similar
studies, such as the HRS. The ELSA has been developed through a collaboration between
University College London, the Institute of Fiscal Studies and the National Centre for Social
Research, with academics at the Universities of Cambridge, Nottingham and East Anglia
and from the HRS. Funding for data collection for the early waves of the study was provided
by the NIA and a consortium of British Government Departments.
4.1.2 Sample design
The ELSA sample was designed to represent people aged 50 and over, living in private
households in England and was selected from households that had previously responded
to the Health Surveys for England (HSE) in 1998, 1999 or 2001 [65]. Figure 4.1 shows
the selection process from the three-year HSE samples to the ELSA sample at wave 1.
Background information about the HSE and description of the two-stage sampling design
used to select the HSE sample are available in the ELSA Technical Report [65]. The process
of selecting the ELSA sample comprises five stages as shown in figure 4.1. The first consists
of the sample of households issued for the HSE. The final ELSA sample, descending from
the HSE sample, consists of households that responded to the HSE (Stage 2), including at
least one age-eligible individual (Stage 3), who, according to administrative records, was
alive (Stage 4) and gave permission to be re-contacted in the future (Stage 5).
Therefore, households included in the ELSA contained at least one adult of 50 years
or older who had agreed to be re-contacted at some time in the future. Within households
there were three different types of individuals eligible to be invited to take part in the ELSA
study:
1English Longitudinal Study of Ageing (ELSA), Mexican Health and Aging Study (MHAS), Survey of Health, Ageing and
Retirement in Europe (SHARE), New Zealand Health, Work and Retirement Survey, Korean Longitudinal Study of Aging,
WHO’s Study on Global Ageing and Adult Health (SAGE), SHARE Israel, The Irish Longitudinal Study on Ageing (TILDA),
Longitudinal Aging Study in India (LASI), the Chinese Health and Retirement Survey (CHARLS), the Japanese Study of
Aging and Retirement (JSTAR), the Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA)
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Figure 4.1: The ELSA sample definition
Source: ELSA Technical Report [65, p. 9] http://www.ifs.org.uk/elsa/report03/w1_tech.pdf
SM=sample member; YP=younger partner
• Core sample members: individuals living within the household at the time of the HSE
interview and born on or before 29 February 1952. The individuals were eligible if
they were living in a private residential address in England at the time of the ELSA
interview.
• Younger partners: the cohabiting spouses or partners of core sample members, who
were living within the household at the time of the HSE interview and were born after
29 February 1952. They were invited to take part if they were still living with an
eligible core sample member.
• New partners: the cohabiting spouses or partners of core sample members at the time
of the first ELSA interview, who had joined the household since the HSE interview.
Only eligible core sample members who responded to the ELSA survey were part of the
baseline sample for the analyses in this thesis. Younger and new partners were excluded
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from analysis.
Respondents were first interviewed in 2002/2003. Since then, they have been ap-
proached for interviews every two years for a total of six waves through 2012/2013. When
the study started, participants were aged 50+ years; with the progression of the study, it
became necessary to refresh the sample to maintain an appropriate proportion of partic-
ipants in their early 50s and facilitate cross-cohort comparison at later waves. Hence at
waves 3, 4 and 6 the ELSA sample was refreshed selecting new participants respectively
from HSE 2001-2004, 2006 and 2009-2011 who were previously too young to join ELSA in
2002. Figure 4.2 describes how the core members were expanded and followed up from wave
1 to wave 6.
Figure 4.2: Overview of data collection in ELSA Waves 1 to 6
Sample sizes are for the core members.
4.1.3 Survey content
At every wave, the study participants respond to a face-to-face interview consisting of a
Computer-Assisted Personal Interview (CAPI) and a Self-Completion (SC) questionnaire.
Respondents are asked about a broad range of topics related to family and work, economic
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issues, physical and mental health, social and psychological factors, behaviour, cognition
and biology. Every two waves (i.e. waves 2, 4 and 6) a nurse visit is carried out to collect
biomarkers and more detailed measures of physical functioning. At wave 3 respondents were
invited to participate in a life-history interview collecting information about events that had
occurred previously in their lives; at wave 5 a risk and time preference module, designed to
measure preferences for willingness to bear risk in pursuit of possible rewards versus risk
aversion, was added and answered by respondents aged 50-75. Table C.1 in the appendix
gives a brief overview of the content of the questionnaire (CAPI and SC) by module.
4.1.4 Advantages and disadvantages of using ELSA
Using ELSA data for the analyses presented in this thesis provides three central advantages.
First, available data of ELSA cover a period of about ten years (from 2002/03 to 2012/13)
allowing longitudinal analyses to assess population changes occurred over the course of the
first decade of the 21st century. The second advantage of using ELSA is that it provides
a large number of self-reported health indicators and every two waves the core members
are offered a nurse visit where objective biological information and measures of physical
functioning are collected. Therefore, self-reported measures of health can be combined and
validated with objectively measured variables. Third, ELSA data are linked to national
mortality register and this allows combining disability questions asked in the survey with
mortality data from register for all respondents who consented to link their data to external
sources.
Alongside with strengths, some challenges emerge using ELSA. First, as in all longi-
tudinal studies, attrition is an ongoing issue also in ELSA. Attrition poses a threat to the
representativeness of longitudinal studies. If missingness is Missingness At Random (MAR),
then observed variables account for selection. If principled methods are employed exploiting
the drivers of missingness, estimated effects will be unbiased. On the contrary, if the data
are not missing ar random (Non Missingness At Random (NMAR)), results will be biased.
Maximising the plausibility of the MAR assumption increases the likelihood of a survey be-
ing representative of its target population despite the presence of missing data. Therefore,
attrition is a threat, but can be minimized under reasonable assumptions in most cases.
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Secondly, the use of the HSE as a sampling frame has some advantages, but also disadvan-
tages. Some of the drawbacks are reported in the ELSA technical report; however, one of
the main limitations is that ELSA is targeted on individuals living in private dwellings, and
therefore individuals living in non-private accommodation, including institutionalised pop-
ulations, are not included in the sample. This limits the representativeness of the sample
and prevents extending results to the general population. However, individuals interviewed
at baseline and living in private households who moved into a residential care home or
similar establishment over the course of the study are followed up and an “institution inter-
view” is sought. This partly extends the representativeness of ELSA longitudinally. Many
national surveys do not include individuals living in institutions, and this was highlighted
among the results of the systematic literature review in Chapter Two. I acknowledge and
comment on this limitation in the discussion and provide evidence of the implication of
excluding/including institutionalised population in terms of representativeness and gener-
alizability to total population in section 4.2 of this chapter.
4.2 Analysis of ELSA representativeness
As outlined in the previous sections, ELSA is representative of individuals living in private
dwellings and any English institutionalised individuals of the same age are not included
at baseline, but only considered at later stages if the original participants move into a
residential care home or similar establishment over the course of the study. Therefore,
ELSA’s representativeness partly changes during its evolution.
In this context, the main focus of this section is to understand how the exclusion of
the institutionalised population affects the representativeness of the ELSA with regards to
the general English population aged 50+. In particular, I assess whether studies based on
the ELSA are valid only for a specific target population (i.e. non-institutionalised English
individuals aged 50+) or can be partly extended to the general population (i.e. all English
individuals aged 50+, regardless of residence type).
The issue is particularly relevant when dealing with mortality and morbidity/disability
data. This is because information on each of these dimensions often comes from different
sources. Information on mortality is usually available from censuses and national registries
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for the entire population, while individual health records are less widely available. Therefore,
commonly, studies combine mortality data obtained from national registers with morbidity
data derived from representative surveys -that often do not include institutionalised popu-
lations. In recent years, a number of longitudinal studies have targeted the older population
and adopted a multi-disciplinary approach to collecting information on socioeconomic po-
sition, demographic characteristics and health conditions. They are designed to follow up
health conditions of participants over time and often to also gather prospective information
on deaths. This represents a powerful source of information, because for each respondent
data on mortality and health are jointly available. Problems however arise when follow up
time is limited, or when using the last waves of the study as a baseline for which follow up
information is not yet available.
Given this context and the research content of this thesis, I compared mortality and
disability among the ELSA respondents and the general English population aged 50+ using
data of the Office for National Statistics (ONS), in order to appraise the differences between
the survey sample and census-based population. Census data were derived from national
register for the years 2002 and 2012, and ELSA data came from wave 1 (2002/2003) and wave
6 (2012/2013). The ultimate goal was to understand to what extent the ELSA followed-
up sample differs from the general English population. In particular, the relevance of this
analysis for the outcomes of this thesis derives from the fact that: (i) mortality and disability
were the variables of interest in each of the three empirical papers. (ii) In Research Papers II
and III, mortality data came from the survey and was the dependent variable to be related
to disability; in Research Paper IV the outcome of interest was an aggregate measure of
mortality and disability, and moratlity rates were derived from population estimates and
deaths collected by the ONS in the national registers.
In the next sections, I describe the approaches used to compare ELSA with national
statistics, show the results and discuss the implications.
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4.2.1 Methods
Sample
For the purposes of this analysis, I used the sample composed of core ELSA members at
wave 1. This consisted of 11,391 individuals. Among them I selected only respondents who
consented to link their data to mortality records of the National Health Service Central
Register (NHSCR) to compare ELSA mortality rates with the national mortality rates.
This led to 10,771 observations, with 544 respondents excluded because either they did
not give their permission or other death-related information (i.e. year of death) were not
available, and 76 respondents because they died the same year they entered the study
(note that information on time of death was available only by year). To compare disability
prevalence in ELSA with national statistics, I used ELSA core members interviewed at wave
1 who answered the selected disability question, corresponding to 11,382 observations while
national disability data were obtained from the 2001 Census communal establishment data
in England.
Measures
Mortality
Two different sources of information were used to obtain age-specific mortality rates.
1. National register data (from the ONS): mortality rates were calculated from data on
the mid-year population of England and the number of deaths occurred from 2003 to
2011, for each year, stratifying by sex and age.
2. ELSA data: mortality rates were estimated on the ELSA participants, using data
covering the period from wave 1 (2002-03) to wave 6 (2012-13) and including deaths
registered after wave 5 and before wave 6 was issued, excluding deaths occurred the
same year the survey participant was interviewed. This corresponded to 2,288 deaths
linked to NHSCR.
Disability
Disability was defined as having a limiting long-lasting illness. This definition was chosen
because the same question was asked both in ELSA and in the 2001 Census. In ELSA,
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respondents answered two questions: “Do you have any long-standing illness, disability or
infirmity? By longstanding I mean anything that has troubled you over a period of time,
or that is likely to affect you over a period of time?”. If they replied yes, they were asked
“(Does this/Do these) illness(es) or disability(ies) limit your activities in any way?”. In the
2001 Census, each person living in a household or resident in a communal establishment
was asked “Do you have any long-term illness, heath problem or disability which limits your
daily activities or the work you can do? (include problems which are due to age)”.
Analysis
To compare the ELSA mortality rates with the national mortality rates, period- and age-
specific Standardised Mortality Ratio (SMR) were calculated by sex. SMRs are the ratio
of observed deaths in the study group to the expected deaths in the study group if they
had the same mortality rates as the general population. To compute SMRs the age groups
in the range 50-64 years were pooled together due to few deaths observed, and the 10-year
follow-up of ELSA was split into two periods, 2003-2007 and 2008-2011. Approximate 95%
confidence intervals are given by the range
[
SMR
EF
, SMR× EF
]
. The error factor, EF , is
equal to exp
(
1.96√
D
)
, where D is the number of observed deaths in a particular sex, age and
period combination. A chi-square test was performed to test whether each sex-, period-
and age-specific SMR differed significantly from one. For disability, age- and sex-specific
prevalence in the ELSA sample and in the general population when excluding or including
people living in institutional residence were compared descriptively.
4.2.2 Results
Of the 10,771 respondents selected for the first set of comparisons, 54.6 percent were women
and 45.4 percent men. All age groups were similarly represented across genders, with more
females than men aged 80 plus. The deaths registered during follow-up among the ELSA
participants concerned men more than women: 11 percent of men aged under 70 at wave
1 (374) and 52 percent of men aged 70+ at wave 1 (790) died, while women’s percentages
were 6.5 (254) and 43.5 (870), respectively.
Table 4.1 shows the estimated SMRs by age groups, gender and period and their re-
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spective 95% confidence intervals. The chi-squared test, compared with the χ2 distribution
with one-degree of freedom, was produced to test whether the SMRs of each age group and
overall differ significantly from one (not shown in the table). A SMR significantly different
from one and lower than one would indicate mortality rate is lower among ELSA partici-
pants, and a value greater than one would indicate mortality rate is higher among ELSA
participants. Results revealed some differences between the observed and expected number
of deaths, mostly occurring in the first time period. Looking at the SMRs for all ages, in
2003/2007 the SMR was lower than one for females (SMR=0.76, 95% CI 0.73-0.86, p-value
< 0.001) as well as for males (SMR=0.9, 95% CI 0.83-0.97, p-value = 0.0068). In 2008/2011,
no SMR was significantly different from one (apart from men aged 70-74), across all age
groups and both for men and women, indicating that during these periods (corresponding
to wave 6) the ELSA mortality rates reflected accurately the general population mortality
rate.
Table 4.1: SMRs by age, gender and period.
Women
Age
2003/2007 2008/2011
Obs.
deaths
Exp.
deaths
SMR 95% CI
Obs.
deaths
Exp.
deaths
SMR 95% CI
50-64 55 61 0.9 (0.69,1.17) 26 29.7 0.91 (0.62,1.33)
65-69 35 48.5 0.72 (0.52,1) 37 34.7 1.04 (0.75,1.44)
70-74 54 74.7 0.72 (0.55,0.94) 45 53.1 0.85 (0.63,1.13)
75-79 99 111 0.89 (0.73,1.09) 83 78.8 1.05 (0.85,1.31)
80-84 113 151.4 0.75 (0.62,0.9) 110 110.3 1.01 (0.84,1.21)
85+ 191 274.6 0.7 (0.6,0.8) 276 277.8 0.99 (0.88,1.11)
Total a 547 721.2 0.76 (0.73,0.86) 577 584.3 0.99 (0.91,1.07)
Men
Age
2003/2007 2008/2011
Obs.
deaths
Exp.
deaths
SMR 95% CI
Obs.
deaths
Exp.
deaths
SMR 95% CI
50-64 83 80.4 1.03 (0.83,1.28) 44 37.2 1.18 (0.88,1.59)
65-69 59 71.6 0.82 (0.64,1.06) 46 45.8 1.03 (0.77,1.37)
70-74 99 102.7 0.96 (0.79,1.17) 54 71.7 0.75 (0.58,0.98)
75-79 120 130.2 0.92 (0.77,1.1) 102 93.5 1.11 (0.92,1.35)
80-84 133 147.8 0.9 (0.76,1.07) 110 110.5 0.97 (0.8,1.17)
85+ 143 176.4 0.81 (0.69,0.95) 171 171.6 1 (0.86,1.16)
Total a 637 709.1 0.9 (0.83,0.97) 527 530.2 0.99 (0.91,1.08)
a Calculated without weighting the age-specific SMRs
CI=confidence interval
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Table 4.2 shows the disability prevalence and relative 95% confidence interval estimated
in the ELSA and in the national population, by gender and age. Looking at the total sample
for men and women, as expected, the proportions of individuals with disability were similar
across ELSA respondents and the census participants living in private households, while
the ELSA percentages were smaller when compared with the total population, including
institutionalised people. With this regard, it is worth to remark that the gap was larger for
women. Looking at age-specific prevalences, they were similar only in the age group 60-64.
The fact that ELSA participants were more disabled than the English population living in
private households at younger ages and less disabled at older ages may partly depend on
the fact that in the Census respondents were openly advised to consider also problems due
to age as disability. Attrition in the ELSA can be another explanation too, which could be
assessed, for example, estimating prevalences after multiple imputation (MI) with baseline
variables used as auxiliary variables to maximise the plausibility of the MAR assumption
[66].
Table 4.2: Prevalence of limiting long-lasting illness in ELSA and English population
Age
ELSA
2001 census
people in HH
2001 census
tot. pop.
Men
%
(95 %CI)
Women
%
(95 %CI) Men Women Men Women
50-59 27 (25.1; 29) 29 (27.2; 30.9) 22.1 23.3 22.4 23.5
60-74 37.1 (33.8; 40.4) 31 (28; 34.1) 36.2 31.4 36.6 31.6
75-84 39.3 (37.3: 41.3) 41.2 (39.4; 43.1) 46.3 46.8 47.1 48.1
85+ 58.2 (50.8; 65.2) 53.8 (47.9; 59.5) 66.7 73.4 69.7 77.7
Total a 35 (33.8; 36.4) 35.9 (34.7; 37.1) 35.4 37.8 36.2 39.4
a Calculated without weighting the age-specific prevalence
CI=confidence interval; HH=househols
4.3 Discussion
The first part of this chapter offers a detailed description of the data used in this thesis
and presents the sample design, survey content and advantages and disadvantages of using
the ELSA for the purposes of this thesis. In the second part, the representativeness of
ELSA is assessed, mainly in a descriptive way, in particular comparing disability prevalence
CHAPTER 4. RESEARCH BACKGROUND 66
and mortality rates in the English general population and in the ELSA sample. This
investigation is fundamental for the progression of this thesis and the interpretation of its
results.
Specifically, the first finding concerns the comparability of ELSA mortality rates with
the mortality rates of the English population. The relevance of this finding represents
at the same time an important contribution to assess ELSA’s representativeness -in fact
to my knowledge, no other study so far has analysed this aspect- and a crucial point for
understanding the extent of the generalizability of my results. Some differences between
ELSA mortality rates and mortality rates of the general English population emerged, both
for men and women, but only in the first period of observation (2003 - 2007). Over time, the
estimated ELSA mortality rates converged to those from national statistics (that included
institutionalised population). This could partly be due to the fact that throughout follow-
up, ELSA respondents who moved into communal establishment remained part of the study,
and therefore the ELSA sample partly changed and became closer to the total English
population.
Another aspect that emerged was gender-specific mortality differences in the compar-
ison between ELSA and the national data. In the first period, both men and women expe-
rienced mortality rates lower than the general English population, but women’s SMR was
smaller than males’ SMR (overall male SMR for 2003/2007 equal to 0.9, p-value= 0.0068;
female SMR for 2003/2007 equal to 0.76, p-value < 0.001). For disability, the computed
national prevalence, which included institutionalised populations, was higher than in the
ELSA sample, and the gap was larger for women compared to men. This finding may help to
interpret the larger differences in mortality with respect to the general population that were
observed among women. The proportion of institutionalised women was considerably high
at older ages (around 21 percent in 2001) and almost all of older institutionalised women
had disability problems. This could explain the lower mortality rates of ELSA females
compared to general female population (because at baseline there were not institutionalised
respondents in the study), and why the gap in mortality was larger for women than for men
(the proportion of institutionalised men in 2001 was 11.5 percent).
This piece of research was intended to assess ELSA’s representativeness ando under-
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stand the extent of the generalizability of the findings of this thesis. It emerged that findings
can be extended to the general population of English adults living in private households,
which is the ELSA target population at baseline. Some convergence over time to the general
population including institutionalised individuals emerged as well. Results suffer from some
limitations, however. With regards to the inclusion of the institutionalised population, data
were available only for 2001, while ELSA data pertained to 2002 and 2003. Moreover, al-
though questions about limiting long-lasting illness were asked in the ELSA and the Census
in a substantially similar manner, there were a few differences: in the ELSA respondents
were asked two questions while in the Census it was only one; in the Census there was
a specific reference to age-related problems while in the ELSA there was not. This may
have had an effect in the way people self-reported their condition. Finally, the evidence
presented in this chapter is mainly descriptive and therefore conclusions are mostly consid-
erations to take into account when interpreting and discussing the findings presented in the
next chapters.
Part II
Research Papers
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Chapter 5
Association between disability and
mortality
5.1 Preamble
In research Paper II, I investigate the association of disability measured at baseline with
mortality observed over a decade.
Research Paper II addresses objectives 2 and 3 of this thesis:
• Research Objective 2: To theoretically conceptualise and empirically measure disability:
Disability is conceived according to the theoretical framework presented in Chapter
Three, the WHO’s International Classification of Functioning Disability and Health
(ICF). The variables selected to its measurement are the basis upon which disability
is measured in the other research papers of this work.
• Research Objective 3: To explore gender inequalities in the effect of disability on mor-
tality: Through this objective, I enter the debate on the gender paradox in health and
mortality [67, 68]. Assessing whether disability affects mortality differently for men
and women, I seek to shed light on why women live longer than men but spend larger
proportion of their life in disability.
5.2 Research Paper II
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Abstract Despite the vast body of literature studying
disability and mortality, evidence to support their associ-
ation is scarce. This work investigates the role of disability
in explaining all-cause mortality among individuals aged
50? who participated in the English Longitudinal Study of
Aging. The aim is to explain the gender paradox in health
and mortality by analysing whether the association of
disability with mortality differs between women and men.
Disability was conceived following the International
Classification of Functioning, Disability and Health (ICF),
proposed by the WHO, that conceptualizes disability as a
combination of three components: impairment, activity
limitation and participation restriction. Latent variable
models were used to identify domain-specific factors and
general disability. The association of the latter with mor-
tality up to 10 years after enrolment was estimated using
discrete-time survival analysis. Our work confirms the
validity of the ICF framework and finds that disability is
strongly associated with mortality, with a time-varying
effect among men, and a smaller constant effect for
women. Adjusting for demographic, socioeconomic and
behavioural factors attenuated the association for both
sexes, but overall the effects remained high and significant.
These findings confirm the existence of gender paradox by
showing that, when affected by disability, women survive
longer than men, although if men survive the first years
they appear to become more resilient to disability. Sensi-
tivity analyses suggested that the gender paradox cannot be
solely explained by gender-specific health conditions: there
must be other mechanisms acting within the pathway
between disability and mortality that need to be explored.
Keywords Disability  Mortality  Ageing  Gender
Abbreviations
ADLs Activities of daily living
DTSA Discrete-time survival analysis
IADLs Instrumental activities of daily living
ICF International Classification of Functioning,
Disability and Health
LRT Likelihood ratio test
SEP Socioeconomic position
Introduction
In 2001 the World Health Organization (WHO) developed
a conceptual framework for describing functioning and
disability: the International Classification of Functioning,
Disability and Health (ICF). One of the aim of the ICF was
to provide a common set of instruments to measure dis-
ability to standardize this concept and its use in interna-
tional studies. The ICF conceives difficulties with human
functioning as three interconnected areas (see Fig. 1). This
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is impairments that are problems in body function or
alterations in body structure; activity limitations that are
difficulties in executing daily activities such as walking or
eating; and participation restrictions that are problems with
involvement in any area of life—for example, facing dis-
crimination in employment due to disability [1, p. 5].
Disability refers to difficulties encountered in any or all
three areas of functioning.
The ICF is considered the dominant conceptual frame-
work for describing functioning and disability [2]. Never-
theless, it is not yet widely used in research relating or
combining disability and mortality. Dale and colleagues [2]
examined the relationship between disability and mortality
conceiving disability according to the ICF’s framework,
focusing on women aged 60–79 years. A key aspect in
studying disability and mortality, however, is related to
gender differences. The gender paradox in health and
mortality is well known in the literature. It was first
observed in the mid-1970s [3, 4] and reflects the finding
that women live longer than men, but tend to have more
disability than males. Many theories have been proposed to
explain the ‘gender paradox’ in mortality and disability,
among which the most prevalent is that women may have
higher prevalence of nonfatal but disabling diseases and
men have higher prevalence of fatal and chronic diseases
strongly related to mortality. Some researchers [5, 6]
hypothesize that higher disability prevalence among
women may be a function of longer survival in disability
rather than higher incidence of disability.
With our work we seek to contribute to the debate of the
gender paradox in health and mortality by (1) showing
whether the association between disability and mortality
differs between men and women (2) proposing possible
explanations of why it may occur. More specifically, we
measure disability among the older population using data
from the English Longitudinal Study of Ageing (ELSA),
and empirically test with a measurement model the con-
struct validity of the WHO’s ICF. Based on this compre-
hensive interpretation of disability, we then apply discrete-
time survival analysis (DTSA) to study the impact of dis-
ability measured at baseline on mortality observed over the
course of a decade, and assess whether and how this
association changes over time, stratifying the analysis by
gender.
Materials and methods
Data source and sample
This study used data drawn from the first wave of the
English Longitudinal Study of Ageing (ELSA), which took
place in 2002/2003. Briefly, ELSA core members are a
representative sample of the noninstitutionalized popula-
tion, living in England, who were aged 50 years or older at
the time of interview. 11,391 core-member respondents
were recruited at wave 1. For our analysis, we included all
participants who had complete records on all disability
items, leaving us with a sample of 9715. At the time of
interview, respondents were asked to give their permission
to link their data to the National Health Service Central
Register (NHSCR) mortality records. For those who gave
their consent, information on mortality was available by
year from 2002 to 2011. Interviews were done using
computer-assisted interviewing and self-completion
questionnaires.
Measures
Death
The primarily outcome of this analysis was deaths occurred
from 2002 to 2011. As time of death was available only by
year, binary time-specific event indicators were created for
each period of observation (ten intervals). For some
respondents (n = 358) status of death was available but
time of death was unknown; in this case information were
partially retrieved looking whether respondents took part in
the following surveys; if they were interviewed in later
waves, they were assumed to be alive at least until the year
of the last survey they responded; otherwise they were
considered lost to follow-up and their event indicators
treated as missing. This way three patterns of observations
were possible: (1) survivors or censored: individuals who
did not experience the event and were followed-up for all
time-periods of observation; (2) dead: individuals who
experienced the event at some point during the period of
observation; (3) lost to follow-up: individuals who dropped
out the study before it ended.
Fig. 1 Representation of the International Classification of Func-
tioning, Disability and Health (ICF). Source: World Health Organi-
zation Geneva 2002, ‘Towards a Common Language for Functioning,
Disability and Health: ICF’
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Disability
Variables describing disability were selected according to
the WHO’s ICF framework, in order to construct the
impairment, activity limitation and participation restriction
components. Consulting the WHO’s ICF browser, one
author selected all possible disability items from the
questionnaire to be included in the measurement model; the
list was screened in agreement with another author and
selected items were classified in a double-blind fashion in
one of the three components; in case of disagreement a
third opinion was sought for the final classification. Inter-
rater agreement for classification of selected items was
measured using the kappa statistic [7]. A total of fifty items
were selected from the questionnaire to construct the ICF
model: 19 for impairment, 20 for activity limitation and 11
for participation restriction (Supplementary Table 1).
Impairment was described by variables such as self-rated
eyesight and hearing, chronic conditions such as high blood
pressure and arthritis, and questions about pain. Activity
limitation was assessed by questions on ADLs and mobility
functions, for example climbing flights of stairs or walking
100 yards. Finally, participation included questions on
instrumental activities of daily living (IADLs), and various
limitations due to health problems, such as using public
transports or working. Variables were all either dichoto-
mous (i.e. yes/no answer) or ordered categorical, for
example ranging from ‘excellent’ to ‘poor’, from ‘never’ to
‘always’ and from ‘no difficulty’ to ‘unable’. A list of the
questions asked for each item and possible answers is
available in the appendix (Supplementary Table 1).
Confounders
A number of potential confounders known to be related to
disability and mortality from the literature (see for example
[8–13]) were accounted for in the survival models. These
included basic demographic characteristics, such as age at
wave 1, marital status and household size; socioeconomic
position (SEP) measured through education, income,
wealth and occupation; socioeconomic background repre-
sented by father’s occupation when respondent was 14;
health-related behaviours including smoking, drinking and
physical activity; and presence of limiting long-lasting
illness. In sensitivity analyses, objective measures of health
were also introduced as additional confounders in the
analyses that used the information collected at wave 2
(2004/2005) where health measures were assessed during
the nurse visit with survivors up to that wave included in
the analysis. Four observer-measured indicators were
selected. These were blood assays for inflammation, blood
clotting and cholesterol—all known to be associated with
risk of heart disease- and a measure of respiratory
functioning. The inflammatory activity in the body was
measured by the level of C-reactive protein (CRP); blood
clotting by a protein called fibrinogen; cholesterol is a type
of fat present in the blood and was assessed as total
cholesterol. Respiratory functioning was measured by
Forced Vital Capacity (FVC), which is the volume of air
that can forcibly be blown out after full inspiration; three
measurements were taken of FVC, and we used the highest
technically satisfactory reading.
Analysis
The analysis was carried out in two steps. First we esti-
mated factor scores for disability using a latent variable
model, then we used the stored factor scores in survival
analysis.1
Measurement model
For the first step, a three factor first-order model was first fit
to assess the ICF structure using the items selected for each
ICF component, i.e. impairment, activity limitation and
participation restriction.
Since all observed items were either categorical or
binary, the fitted model can be formulated as follows.
Categorical/binary observed indicators (yij) are related to
continuous latent variable (gj) via a normal ogive response
model, such that:
yij ¼ 1 if y

ij[ si
0 otherwise

ð1Þ
where yij ¼ bi þ kigj þ eij for i = 1, …, Ij (Ij being the
number of observed indicators for latent variable j) and
j = 1, …, J (J being the number of individuals). We also
assume that
gj Nð0; r2Þ; eij N 0; 1ð Þ; covariance gj; eij
  ¼ 0
where r2 is the variance of the latent measure. For sim-
plicity, here we refer to unidimensional model; for more
general notation see Rabe-Hesketh and Shrondal [14].
Model (1) can be equivalently expressed as:
Pr yij ¼ 1jgj
  ¼ Pr yij[ sijgj
 
¼ U bi þ kigj
 
U1 Pr yij ¼ 1jgj
  ¼ bi þ kigj
1 One-step analysis was performed as a robustness check. It consists
of estimating the measurement model using the disability items at
baseline and jointly performing a discrete time survival analysis for
the 10-year period, without storing factor scores (first step) and then
introducing them in the survival model (second step). Both analyses
returned very similar results, therefore, for practical reasons only the
results from the two-step analysis are reported here (results from the
one step analysis available from corresponding author).
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where U() is the cumulative standard normal distribution
and U-1 is the probit link.
Modification indices (MIs) were examined to improve
model fit. MIs quantify the decrease of the v2 goodness of
fit measure when the corresponding parameter is freed;
they indicate whether any of the observed items should be
correlated above and beyond their assumed relationships
with latent factors. As this test’s recommendations are
directly motivated by the data and not by theoretical con-
siderations [15, p. 491], we used them to suggest
improvements but did not tie model specification on their
values.
The best fitting first order model that reflects the ICF
structure described impairment, activity limitation and
participation restriction and was improved by adding an
extra factor for eyesight within the impairment component.
Based on this construct and reflecting the WHO concep-
tualization, we fitted a second order model, where dis-
ability was the second order factor and impairment,
eyesight, activity limitation and participation restriction
were the first order factors. However the model presented
some inconsistencies.2 To deal with that, we decided to
conceptualize disability in a general-specific model where
the observed items are explained by one general factor
disability- and domain-specific factors (see Fig. 2). Both
the general and the specific factors were linked to the
observed items as described above, and all factors were
assumed to be uncorrelated with each other.
For identification purposes, both models (first order and
general-specific) were defined constraining all factor vari-
ances to be equal to one, and allowing the error terms of the
manifest items ‘pain in chest’ and ‘pain’ to correlate.
Model estimation was performed using only complete
records via weighted least squares means and variance
adjusted (WLSMV) [16].3
Model fit was assessed using the Root Mean Square
Error of Approximation (RMSEA) which assesses absolute
fit, and two comparative indices, Comparative Fit Index
(CFI) and Tucker–Lewis Index (TLI), which compare the
model with the unrealistic null model of uncorrelated
items. Fit is typically considered ‘good’ if the RMSEA is
below 0.05 and the CFI and TLI are above 0.90 [14, p. 86].
Discrete-time survival analysis (DTSA)
Data were set in a way to carry out DTSA in a general
latent variable framework [17]. A binary time-specific
event indicator was created for each of the ten time periods,
with the probability of an event occurring during an
interval denoted by h(j), j = 1, …, 10, and referred to as
the hazard probability for that time period [17].4 The first
step was to fit a crude mortality risk model that included
the 10 binary time-specific event indicators of death,5 with
no predictors (including no intercept) or in other words to
estimate the interval-specific risks (i.e. the probabilities for
each time interval, analogous to separate intercepts in a
regular regression model).
These probabilities were then related to covariates
through a logit link function—that is, logistic regression—
so that the effect of a covariate on the timing of death is
parameterized by its effect on the log odds of an event
during a given time interval [18]. For a single covariate x,
its effect on the probability of event occurrence in period j
is expressed in terms of the log odds ratio (log OR) bj
6
:
logit h jð Þ ¼ log h jð Þ
1 h jð Þ
 
¼ sj þ bjx
h jð Þ ¼ 1
1þ exp sj  bjx
 
Then, we evaluated whether the corresponding logORs
were constant over the 10 intervals (i.e. bj= b for all j,
equivalent to the proportionality assumption), separately
for each of the covariates, by introducing each covariate in
the model (i.e. assuming a time invariant effect) and then
including an interaction between the covariate and time
(i.e. allowing for time varying effects) tested, using the log-
likelihood ratio test (LRT). For disability, we double-
checked whether its effect was time-varying controlling
first only for age and then for the complete set of selected
confounders.
Finally, we fitted models that includes the confounders
sequentially, by group. In the baseline model we considered
the effect of disability on mortality without controlling for
2 Second-order model had a good fit (CFI = 0.945, TLI = 0.942,
RMSEA = 0.042), but presented some problems: activity measured
disability very poorly and its factor loading had an extreme value and
was not significant (28.2 and 95 % CI [-120.3, 176.8];
p value = 0.71). At wave 2, the value was even more extreme and
the model did not converge.
3 Maximum likelihood estimator would have been too cumbersome
given the large number of dimensions to be integrated.
4 Hazard probability is the term used in Muthen’s and Masyn’s
paper. The authors defined the sample-estimated hazard probability
for time period j as the number of events that are observed to occur in
time period j divided by the total number of subjects at risk in time
period j (p. 33). In the context of our analysis, we will also be using
the term mortality risk instead of hazard probability.
5 In a general latent variable framework, the likelihood for a latent
class model with binary indicators gives the probability of the event
indicator being equal to one; in Mplus it is a (negative) ‘‘threshold’’
which defines the cut-point in the latent variable distribution for the
switch from ‘category’ 0–1, and it is estimated for each time interval
(i.e. her we estimate ten thresholds).
6 The notation is the one used in Muthen and Masyn [17].
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any confounders but age; and in the full model all potential
confounders were added, including long-lasting illness and
health-related behaviours (all measured at wave 1).
Events indicators were treated as missing in correspon-
dence of time intervals that followed the time when the
event occurred or when the individual was lost to follow-
up. Missingness was assumed to be at random (MAR)
which for this model corresponds to uninformative loss to
follow-up; FIML estimation with robust standard errors
(MLR) was used [17]. When we added confounders, we
incurred in missing values for these x variables; however
only 4 % of data were missing, corresponding to three
main missing patterns. When confounders were added into
the model, complete case analysis (CCA) was carried out.
However, this way adjusted for age analyses and adjusted
for all confounders analyses were based on different
numbers of observations; to deal with this problem, we first
repeated the age adjusted models on the same numbers as
those for the fully adjusted analyses, and secondly we the
fully adjusted model was re-run using FIML in order to
have the same sample size as in age adjusted models.
Details on missing data patterns and results for CCA and
Fig. 2 General-specific measurement model. Names of observed variables (rectangles) are those listed in Table 1
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for regressions using FIML are provided in the appendix
(Supplementary Tables 2 and 3).
Sensitivity analysis
A number of robustness checks were implemented in order
to assess whether gender differences in the association
between disability and mortality were driven by gender
differences in prevalence of specific disabling diseases. In
the first instance, we accounted for the fact that self-re-
ported measures of health may not capture specific diseases
and there may be a gender effect in the probability of
reporting health limitations. To account for this potential
bias, observer-measured health indicators were additionally
considered as potential confounders. To this aim, we
replicated the analysis including only respondents inter-
viewed at wave 1 who took part in the following survey
and using information on physical conditions measured
during the nurse visit at wave 2. Four observer-measured
indicators were selected and added as confounders in
DTSA based on data from wave 2.
With the same rationale, but using a different approach, we
also re-estimated the measurement model for disability
dropping the items describing health/body functions (i.e.
hypertension, arthritis, dementia, Parkinson, psychological
problems and depression) originally included within the
impairment component, to make sure that differences in
mortalitywere not led by body functions and structureswhose
prevalence is more likely to differ between men and women.
To test whether the measurement model differed for
males and females, we also re-estimated the factor scores
for disability running separate analyses for men and
women, and then testing whether there was heterogeneity
by sex (we used a multiple group analysis for the total
sample assuming strong invariance). The survival analysis
model was also refitted using these new disability scores.
Finally, to account for possible differences across age
groups, the original measurement model—as described in
the previous paragraph—was re-estimated via multiple
group analysis, without stratifying by gender. Then, we run
DTSA using the resulting disability factor score and
stratifying the sample by age group (i.e. 50–64, 65–74,
75?). Additionally and separately, we also re-run DTSA
including an interaction term for age and disability (as
measured in the baseline model).
Results
Sample
Of the 9715 respondents 46 % were men (4455) and 54 %
women (5260). Over the course of the study, 21 % of male
and 16 % of female respondents died (Supplementary
Table 4). Demographic and socioeconomic characteristics
are shown in the appendix (Supplementary Table 4). In
general, demographic characteristics were quite similar
between females and males; the average age of men and
women was 64.4 and 64.8 years respectively with more
women than men being aged 75? (19.5 % of females
compared to 17.4 % of males); higher proportions of
women were widowed as expected due to their longer life
expectancy. Men reported higher SEP in all indicators, e.g.
higher education, income, occupational class. On the other
hand, women had healthier behaviours, reporting higher
proportions in those that never smoked as well as lower
percentage of heavy drinkers. Finally, among respondents
survived at wave 2, men had a more healthy profile than
women with regards to all biomarkers and almost same
level of inflammation.
Measurement model
The final agreed list of disability variables (kappa statistic
for inter-rater agreement equal to 0.85) consisted of 50
items (19 impairments, 20 activities and 11 participa-
tions—Supplementary Table 1). The prevalence of these
variables was higher for women than men (Table 1), with
the exception of difficulty in communicating (conversa-
tion) and being engaged in social activity (active), and to a
lesser extent in visual functioning. Descriptive statistics
show that more men than women died, but women overall
had more disability problems than men at baseline.
Following this classification, a latent variable model
appropriate for the nature of the indicators was imple-
mented. A first-order multidimensional model was first
estimated, and its fit was rather poor (see Table 2). Some
items presented high modification indices both for factor
loadings and covariances among measurement errors. In
particular, eyesight items (which are self-rated eyesight,
being able to seeing at distance and close) presented high
modification indices for both factor and covariances among
their measurement errors. Rather than allowing the errors
of the eyesight items to correlate, we introduced within the
impairment factor an extra eye-specific latent factor to
explain eye-items variability, producing a sort of general-
specific model within the multidimensional first order
model. The resulting model fit was highly satisfactory
(Table 2). Standardized factor loadings kij, which express
the strength of the association between the indicators and
latent variables, by rule of thumb are considered satisfac-
tory when |kij|[ 0.4 [19]. Standardized factor loadings
obtained from the first-order model showed that 13 out of
19 indicators of impairment were strongly associated with
this factor; 19 out of 20 indicators of activity were strongly
associated with this factor and 8 out of 10 indicators with
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participation factor. Particularly high were the factor
loadings for activity, in most cases larger than 0.75 (Sup-
plementary Table 5).
Based on the first-order measurement model described
above, a general-specific model was fitted to identify the
latent disability structure (Fig. 2). Goodness of fit (GoF)
indicators are presented in Table 2. The distribution of the
disability factor score, derived from the general-specific
model, is shown in Fig. 3, by gender. The distributions are
approximately Gaussian (Fig. 3); with that for males
slightly more right-skewed than that for females, meaning
that, compared to women, fewer men had high disability
score. The average score of disability was higher for
women; on a range going from -1.72 to 3.36, the female
average score was 0.165, whilst on a range from -1.72 to
2.88 the male average score was equal to -0.025, i.e. 0.19
units lower (p value\0.001). When controlling for various
chronic conditions not included in disability measure and
for self-reported long-lasting illness, the mean difference in
disability between women and men remained the same
(0.19, p value\ 0.001).
Discrete-time survival analysis
1775 respondents died over the course of the observation
period, 53 % were men and 47 % women. Overall, mor-
tality rate was 0.56 % for men and 0.34 % for women in
the first interval (first year of follow up since 2002) and
almost 3 % in the last interval (3.1 and 2.9 % for men and
women respectively), with a relatively steadily increasing
trend during the observation period. The Kaplan–Meier
survival curve in Fig. 4 illustrates the survival curves by
quartile of disability, separately by gender. The estimated
survival curves are lower as the severity of disability
increases, both for women and men. Male disadvantage in
mortality is observed across each disability quartile and
widens over time; the gap in mortality between men and
women is more pronounced for the two most disabled
groups. In particular, 56.5 % of men having the highest
disability level survive to the end of the 10-year period,
while the equivalent survivors percentage for women is
67.4 %.
To evaluate whether the effect of the pre-defined con-
founders on mortality were time-varying we introduced in
the model each variable separately with/without its
Table 1 Prevalence of health indicator by gender
Disability items Men % Women %
Hypertension 36.6 38.6
Arthritis 25.5 38.1
Parkinson 0.4 0.4
Psycho problems 5.8 8.8
Dementia 0.4 0.2
Self-rated eyesight (less than good) 12.8 15.5
Eyesight at distance (less than good) 6.4 9.8
Eyesight close (less than good) 9.9 10.8
Hearing 23.8 28.4
Troubled with pain 34.1 40.5
Pain in chest 33.3 27.4
Pain across the front of chest 11.5 7.5
Pain in leg 28.3 30.6
Dizziness 11.8 16.5
Shortness of breath 32.1 42.5
Shortness of breath with wheezing 14.5 14.8
Incontinence 8.3 20.8
Self-rated memory (less than good) 32.3 30
Depression 14.1 18.3
Walking 100 yards 11.4 11.1
Sitting for 2 h 13 14.8
Getting up 22.2 28.1
Climbing stairs 28.8 41.2
Climbing 1 flights of stairs 11.6 15.3
Stooping 31.1 38.4
Reaching arms 9.2 12
Pulling/pushing 12.3 20.8
Lifting weights over 10 lb 15.9 31.9
Picking up 5p coin 4.5 5.2
Dressing 14.1 11.4
Walking across room 2.6 2.8
Bathing 9.9 12.5
Eating 1.3 1.8
Getting in/out bed 6 6.3
Toileting 3 3.1
Following conversation 40.8 28.1
Keeping balance 18.5 24.9
Walking quarter mile 25.1 28.9
Restless sleep 34.7 45.3
Preparing hot meal 3.4 3.7
Using map 2.2 6.2
Grocery shopping 6.1 9.9
Making calls 1.8 0.9
Housework 13.2 16.4
Managing money 1.9 1.6
Using transports 5.4 7.9
Being member of any org. 28.8 32.1
Doing activity 34.5 22.9
Table 1 continued
Disability items Men % Women %
Early retirement (due to health) 7 3.7
Retirement (due to health) 3.1 4.8
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interaction with time, while controlling for age. The con-
stant proportional hazard assumption (i.e. time-invariant
effect) was rejected for age and physical activity, but the
latter only for men (Supplementary Table 6 for LRT test
results). To assess the proportionality assumption for the
predicted disability score we performed separate LRTs for
its interaction with time, first controlling only for age, and
then adjusting for all confounders. In both cases, disability
was found to have time-varying effects for men and a time-
invariant effect for women.
The parameter estimates for disability (expressed on the
odds ratio scale) are shown in Table 3. For men, the time-
specific disability odds ratios estimated controlling only for
age (Model 1) were all significantly greater than 1, albeit
decreasing over time. Although we did not observe a
continuously declining trend, the test for trend showed
evidence of a linear trend (X28 = 17.54, p value = 0.025).
The estimated disability OR corresponding to the first time
period (2002) was 3.4 (95 % CI 2.12, 5.38), which means
that for one-unit (1 SD in the latent score) increase in
disability score the expected increase in the odds of mor-
tality was by a factor of 3.4. Over subsequent time intervals
the estimated ORs declined, but remained significantly
higher than 1. Interestingly the estimated ORs dropped
substantially immediately after the first period, from 3.4 to
2 in the following period; then the decline became more
gradual. With regards to women, as we did not reject the
proportionality assumption, the disability effect on mor-
tality was estimated assuming a time-invariant effect,
leading to a single estimated OR of 1.65 (95 % CI 1.51,
1.81; Model 1).
Table 3 also reports the estimated disability odds ratios
by gender, obtained from fitting the model fully adjusted
for demographic, socioeconomic and behavioural factors,
Table 2 Goodness of fit
Model CFIa TLIb RMSEAc
(1) First order model (3 factors) 0.873 0.867 0.067
(2) Fist order model (3 factors ? eyesight component) 0.945 0.942 0.042
(3) General-specific model 0.956 0.952 0.039
a Comparative Fit Index
b Tucker–Lewis Index
c Root mean square error of approximation
Fig. 3 Disability factor score by gender
B. Pongiglione et al.
123
father’s occupation and limiting long-lasting illness. For
men, the estimated disability OR for time interval 1
decreased from 3.4 in the age-adjusted model to 2.2 in the
fully adjusted model. The effect of confounders seemed
particularly strong in this first interval, and although the
estimated ORs in the following intervals were all smaller
compared to those of model 1, they were all significant (at
5 % significance) with the exception of those for interval 6,
7 and 8. Among women, the estimated time-invariant effect
of disability on mortality moderately declined after con-
trolling for confounders, dropping from 1.65 to 1.36 (95 %
CI 1.21–1.54). As a sensitivity analysis we also checked for
a moderating effect of age and found a significant inter-
action of age and disability for men, such that the impact of
disability measured at baseline becomes smaller as men
age, while for women the interaction was not significant.
When stratifying the analysis by age group, after age 75 the
results for men disappear and disability OR decreases
across age groups for women only (Supplementary
Table 7).
When observer-measured health indicators were con-
sidered as potential confounders, DTSA was performed
using the respondents interviewed at wave 1 who took
part in the following survey, which was nurse-led and
included collection of biomarkers. The results are shown
in Table 4. The fully adjusted model was replicated first
(columns 1 and 2), and then inflammation, blood clotting,
cholesterol and respiratory functioning were added among
the confounding variables (column 3 and 4). Among
women the time-invariant effect of disability on mortality
slightly decreased when controlling for observer-measured
health indicators, whilst for men the estimated time-
varying effect of disability was no longer significant both
when adjusting or not adjusting for the biomarkers. (The
results of other sensitivity analyses are not presented here,
but available in the appendix and commented in the dis-
cussion section).
Discussion
Our study provides evidence on the association between
mortality and disability in the older population and how
this differs between men and women. Consistent with
previous research, survival was found to be higher for
women than men, whereas women had higher prevalence
of disability. When looking at the relationship of disability
at baseline with mortality observed over a decade later, the
present study revealed: (1) increasing odds of dying as the
baseline disability score increased, both for women and
men with the association being stronger among the latter;
and (2) decreasing association over time for men, as the
impact of baseline disability on their mortality decreased
with longer survival; (3) no variation over time for women,
as the effect of disability remained constant over the
10-year period of observation.
With regard to men, the most striking result was the
dramatic drop in the effect of disability on mortality from
baseline period to the following year (2.2–1.8 per 1 stan-
dard unit change in disability score): disability in men,
compared to women, seemed to have a stronger association
with mortality in the very short rather than in the long term,
when their estimated ORs converged to those in women.
This could mean that men become more resilient to dis-
ability the longer they survive, and therefore that the effect
of disability on their mortality in the long-run becomes less
pronounced. Alternatively it could mean that disability is
measured differently in men and women. However, as
discussed in the next paragraphs, when we investigated this
by extending the disability measurement model we found
no evidence to support this explanation. For women, the
impact of disability was found to be constant over time and
overall the effect was smaller than that experienced by
men. This is in accordance with the gender paradox in
morbidity and mortality, and shows that in fact women
spend a higher proportion of their life in disability because
Fig. 4 Kaplan–Meier survival estimate, by disability component and gender. Results are presented by gender but disability factor score is
estimated for the pooled sample
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they survive longer with disability, suggesting that higher
disability prevalence among women may be a function of
longer survivorship with disability rather than higher
incidence of disability.
Along with evidence confirming the existence of the
gender paradox among the English population aged 50?,
we sought possible explanations of why it may occur. To
address this question, we adopted three different strategies,
whose results are discussed below. (1) In this study, we
interpreted disability as a general phenomenon that may
affect men and women to a different extent, rather than
intend gender differences in disability depending on the
definition of disability itself. Accordingly, disability was
measured on the pooled sample. To investigate whether
gender may instead affect the measurement itself of dis-
ability, we replicated the latent variable measurement
model considering men and women separately and also
running a multiple group analysis in the pooled sample
(results are presented in Supplementary Table 8). The
resulting latent measure of disability was in both cases
Table 3 Disability odds ratios for mortality
Time interval since disability measurement (years) Model 1a Model 2b
ORc 95 % CId ORe 95 % CId
Males 1 3.381*** (2.12; 5.38) 2.237*** (1.27; 3.95)
2 2.038*** (1.55; 2.69) 1.789*** (1.27; 2.52)
3 2.157*** (1.68; 2.76) 1.875*** (1.39; 2.54)
4 2.114*** (1.69; 2.65) 1.424*** (1.09; 1.86)
5 1.826*** (1.45; 2.3) 1.445*** (1.09; 1.91)
6 1.296* (1; 1.69) 1.04 (0.77; 1.4)
7 1.557*** (1.22; 1.98) 1.304* (0.98; 1.74)
8 1.499*** (1.18; 1.9) 1.305* (0.99; 1.72)
9 1.571*** (1.24; 1.99) 1.375** (1.04; 1.82)
10 2.083*** (1.62; 2.67) 1.955*** (1.46; 2.62)
Females Time-invariant effect 1.654*** (1.51; 1.81) 1.365*** (1.21; 1.54)
* p\ 0.1; ** p \ 0.05; *** p \ 0.01
a Model 1: model adjusted for age only
b Model 2: fully adjusted model: adjusted for age, demographic and socioeconomic confounders, father’s occupation and long-lasting illness
c Test for linear trend v2(8) = 17.54, p value = 0.025
d SE estimated from pooled logistic regression
e Test for linear trend v2(8) = 15.96, p value = 0.043
Table 4 Disability odds ratios
for mortality, wave 2
Time since disability measurement (years) Model 1a Model 2b
OR 95 % CIc OR 95 % CIc
Males 1 2.403* (0.97; 5.94) 2.316* (0.93; 5.77)
2 1.649* (0.95; 2.87) 1.598 (0.91; 2.8)
3 0.985 (0.58; 1.66) 0.952 (0.56; 1.61)
4 1.559* (0.92; 2.64) 1.519 (0.89; 2.58)
5 1.343 (0.8; 2.25) 1.297 (0.77; 2.18)
6 1.151 (0.69; 1.92) 1.114 (0.66; 1.87)
7 0.821 (0.52; 1.29) 0.796 (0.51; 1.25)
8 1.48 (0.8; 2.74) 1.468 (0.79; 2.72)
Females Time-invariant effect 1.435** (1.12; 1.83) 1.331** (1.04; 1.71)
* p\ 0.1; ** p\ 0.05; *** p\ 0.01
Sample size males = 1897; females = 2162
a Fully adjusted model
b Fully adjusted model ? observer-measured indicators
c SE estimated from pooled logistic regression
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substantially similar to the results obtained from the pooled
sample and results of DTSA were the same as those
obtained in the original model. This suggests that the dif-
ferent impact of disability on mortality for men and women
does not depend on gender-specific features of disability.
(2) Additionally, since men are known to suffer more than
women from fatal conditions, such as heart disease, and
these conditions may not be captured by self-reported
indicators, we also considered the confounding effect of
observer-measured health indicators (measured at wave 2).
We expected that after controlling for these indicators the
effect of disability on mortality would decrease and the
drop to be larger for males than females. Among women
disability continued to exert a similar effect, while for men
we found no evidence of an association between disability
and mortality at wave 2. This discrepancy of results
between sexes might be explained by the fact that the sub-
sample of survivors to wave 2 was likely to be different for
men and women, with the male sub-sample consisting of a
more highly selected—less disabled—group than the
equivalent females. Differences in terms of survival
between men and women were not unexpected. What is
surprising is that the consequences of male disadvantage in
mortality and advantage in disability were visible already
after 2 years from the beginning of the observation. (3)
Finally, we also re-estimated the general-specific model for
disability dropping some impairment items that described
health functions, to make sure gender differences in mor-
tality were not led by body functions and structures that
may affect men and women differently. Again, the latent
measure of disability obtained dropping these variables
was very similar to the one obtained in the original mea-
surement model, and the results of DTSA (Supplementary
Table 9) essentially depicted the same patterns found using
the original measure of disability. All the sensitivity anal-
yses suggest that the observed differences in the associa-
tion between disability and mortality in men and women
are not driven only by gender-specific health conditions
and body structures.
A complementary objective of the study was to provide
a comprehensive definition of disability in order to test
empirically the construct validity of the WHO’s ICF
framework when applied to the older population. After
explorative investigations, disability was conceived as a
general independent factor, and impairment, activity and
participation as separate specific factors. The results of our
study suggest that the three ICF components can be
detected using the questions asked in ELSA, and indeed the
first order factor model had a good fit. When it came to
relate these parts with the concept of disability, disability
was conceived as a single construct common to all indi-
vidual indicators, explaining some proportion of their
covariation; while the specific domains, i.e. impairment,
eyesight, activity limitation and participation restriction,
explain additional covariation among observable indica-
tors. Detailed explanation of why we chose a general-
specific model, may be found in the appendix (Supple-
mentary Material B).
Finally, we highlight the strengths and weaknesses of
this work. Strengths of the study include the availability of
representative of the older population of England longitu-
dinal dataset and the availability of various disability
indicators that allowed us to reliably capture the ICF
conceptualisation of disability. On the other hand some
potential limitations should be considered while interpret-
ing our results. There were no questions on the onset of
disability, therefore it was not possible to estimate how
long respondents survived from the actual disability onset.
However, adjusting for pre-existing long-lasting limiting
illness accounted, at least in part, for pre-existing disabil-
ity; and this enabled us to consider the effect of disability at
baseline (wave 1) on mortality as independent from any
pre-existing disability/illness. A key point of this study,
which represents both a strength and limitation, was that
disability (and all confounders) was only measured at the
study onset. This way, we did not know how disability had
already impacted on health and mortality nor how it
evolved over the observation period. This limited our
understanding of its relationship with mortality. Never-
theless, the baseline effect can still be interpreted net of any
effect that disability change over time on mortality might
have had. Moreover, one of the advantages of measuring
disability and all confounders at baseline is that, while
keeping the model simple, we do not incur reverse-
causality problems. Another limitation—as in most obser-
vational studies—is bias due to unmeasured confounders
and/or residual confounding that might still bias the asso-
ciation under study. We acknowledge this as a potential
source of bias, although we believe the most relevant
confounders were taken into account.
Conclusion
The present work contributes to the debate on the gender
paradox in health and mortality by showing that women
spend a larger proportion of their life in disability because
they survive longer with disability. We also enrich the
discussion on possible explanations of why this occurs and
show that gender differences in the association between
disability and mortality are not driven only by gender-
specific health conditions and body structures. There must
be some other mechanisms acting within the pathway
between disability and mortality that make women survive
with disability better than men. Future studies should focus
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on exploring these mechanisms to fully understand the
gender paradox in health and mortality.
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5.3 Supporting information to Research Paper II
This section provides additional details of the methods and analyses reported in Research
Paper II. Some of these details were already included in the Supplementary material of the
paper, available online on Springer website (http://link.springer.com/article/10.1007%2Fs10654-
016-0160-8). They are reproduced here, together with further material, in particular con-
cerning the sensitivity analysis mentioned in the paper.
Rationale for choosing a general-specific model
Disability was conceived as a general independent factor, and impairment, activity and
participation as separate specific factors. This means that disability was assumed to explain
the part of variation of the observable items that was not captured by specific factors, and
it was assumed not to be correlated with them. The general-specific model differs from
higher-order models in that first-order factors are not subsumed by the higher order factor
but are, instead, uncorrelated and distinct. A second-order model would have appeared to
be more coherent with the WHO’s conceptualization of disability, but in fact the choice of
a general-specific model had both theoretical and empirical advantages. General-specific
models are potentially applicable when (i) there is a general factor that is hypothesised to
account for the commonality of the items; (ii) there are multiple domain specific factors,
each of which is hypothesized to account for the unique influence of the specific domain
over and above the general factor; (iii) there may be an interest in the domain specific
factors as well as the common factor that is of focal interest [69, p. 190]. The last two
points in particular, justify our choice of applying a general-specific model. As a matter of
fact, the innovative and fundamental feature of the ICF is that it allows us to disentangle
the various disability components in order to estimate separately their impact on different
spheres of life. The empirical foundation for preferring a general-specific model was that
in the multidimensional first order model that was firstly estimated, it was observed that
impairment (I), activity (A) and participation (P) were very highly correlated (A with
I=0.989; A with P=0.988; I with P=0.963), whilst the eyesight factor was very specific
(correlation of eyesight factor with I=0.075; with A=0.051; with P=0.049). This means
that the eyesight factor captured some variance which was unique to its specific items, i.e.
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the factor loadings for the eye items onto the eyesight factor remained high, implying that
there was a very strong specific variance that was not related to disability. For all these
reasons a general-specific model was preferred to a second-order model. For completeness,
Table 5.1 shows the model fit indicators for three alternative models: the multiple correlated
factor model, the second-order factor model and the general-specific factor model. Fit was
best for the latter model, but overall fit was very good in all models.
Table 5.1: Goodness of fit statistics specific to the set of alternative models considered
Chi-square d.f. CFI TLI RMSEA
1) Multiple correlated factor model a 21265.823 1167 0.945 0.942 0.042
2) Second order factor model 21441.391 1168 0.945 0.942 0.042
3) General-specific model 15595.549 1121 0.961 0.957 0.036
a i.e. First order model with 3 factors and eyesight component
d.f.=degree of freedom; CFI=comparative fit index; TLI=TuckerLewis index; RM-
SEA=root mean square error of approximatione
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ICF disability items
Table 5.2: Disability items agreed by three authors
(1) Impairment
Has a doctor ever told you that you
have (or have had) any of the
conditions on this card?
High blood pressure or hypertension
Arthritis (including osteoarthritis , or rheumatism)
Parkinson’s disease
Any emotional, nervous or psychiatric problems
Dementia, organic brain syndrome, senility or any
other serious memory impairment
Is your eyesight (using glasses or corrective lens as usual) [excellent, very good, good, fair,
poor, blind]
How good is your eyesight for seeing things at a distance, like recognising a friend across
the street (using glasses or corrective lens as usual)? [excellent, very good, good, fair, poor,
blind]
How good is your eyesight for seeing things up close, like reading ordinary newspaper print
(using glasses or corrective lens as usual)? [excellent, very good, good, fair, poor, blind]
Is your hearing (using a hearing aid as usual) [excellent, very good, good, fair, poor]
Are you often troubled with pain?
How often do you have problems with dizziness when you are walking on a level surface?
[never, sometimes, often, very often, always, no walk]
Have you ever had a severe pain across the front of your chest lasting for half an hour or
more?
Have you ever had any pain or discomfort in your chest?
Are you troubled by shortness of breath when hurrying on level ground or walking up a
slight hill?
Have you ever had attacks of shortness of breath with wheezing?
This might not be easy to talk about, but we would like to ask you about incontinence.
During the last 12 months, have you lost any amount of urine beyond your control?
How would you rate your memory at the present time? [excellent, very good, good, fair,
poor]
Do you get pain or discomfort in either of your legs which comes on when you walk? [no,
yes, can’t walk]
Much of the time during the past week, you felt depressed?
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(2) Activity Limitations
Please tell me whether you have any
difficulty doing each of the everyday
activities on this card. Exclude any
difficulties that you expect to last less
than three months. Because of a health
problem, do you have difficulty doing
any of the activities on this card?
Walking 100 yards
Sitting for about two hours
Getting up from a chair after sitting for long periods
Climbing several flights of stairs without resting
Climbing one flight of stairs without resting
Stooping, kneeling, or crouching
Reaching or extending your arms above shoulder
level
Pulling or pushing large objects like a living room
chair
Lifting or carrying weights over 10 pounds
Picking up a 5p coin from a table
Please tell me if you have any difficulty
with these because of a physical, mental,
emotional or memory problem. Again
exclude any difficulties you expect to last
less than three months. Because of a
health or memory problem, do you have
difficulty doing any of the activities on
this card?
Dressing, including putting on shoes and socks
Walking across a room
Bathing or showering
Eating, such as cutting up your food
Getting in or out of bed
Using the toilet, including getting up or down
Do you find it difficult to follow a conversation if there is background noise
How often do you have problems with keeping your balance when you are walking on a level
surface? [never, sometimes, often, very often, always, no walk]
By yourself and without using any special equipment, how much difficulty do you have
walking for a quarter of a mile? [no difficulty, some difficulty, much difficulty, unable]
(Much of the time during the past week), your sleep was restless?
(3) Participation Restrictions
Please tell me if you have any difficulty
with these because of a physical,
mental, emotional or memory problem.
Again exclude any difficulties you
expect to last less than three months.
Because of a health or memory
problem, do you have difficulty doing
any of the activities on this card?
Preparing a hot meal
Using a map to figure out how to get around in a
strange place
Shopping for groceries
Making telephone calls
Doing work around the house or garden
Managing money, such as paying bills and keeping
track of expenses
Do you use public transport? If no Why don’t you use public transport more often?[My
health prevents me]
What were your reasons for retiring? [Own ill health]
What were your reasons for taking early retirement? [Own ill health]
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Study sample
The sample used in the Research Paper II is based on core-member respondents recruited
at wave 1. Of the 11,391 interviewed, only participants who had complete records on
all disability items selected for measuring disability were included. This corresponded to
9,715 observations. The choice of selecting participants with complete baseline informa-
tion on the disability items arose from the need for keeping the first stage of the anal-
ysis simple. The choice was supported, first, by the comparison of the distribution of
the main variables in complete versus incomplete records. Table 5.3 presents descriptive
statistics of the main socio-demographic variables used in this work for all core-members
at wave 1 and for the selected sample. In the Supplementary material provided with Re-
search Paper II (http://link.springer.com/article/10.1007%2Fs10654-016-0160-8#
SupplementaryMaterial), the data for respondents having complete records for disability
items (right columns) are available stratified by gender (Supplementary Table 4). Data did
not show any systematic differences between respondents included into the analysis, and
those excluded. In the second place, including all participants in the measurement model,
i.e. those without complete records of the disability variables, would have required either
to: (i) use Full Information Maximum Likelihood (FIML) with MLR1 , which implies an
assumption of Missingness At Random (MAR). (ii) Use Pairwise deletion with Weighted
least squares means and variance (WLSMV). For the first option, given the high number of
parameters of the model, using MLR would have been very time consuming2 and it would
have still required to make assumptions on the missingness mechanisms; the second option,
although less time consuming, would have required a stricter form of missing mechanism
(Missingness Completely At Random (MCAR)), depending on whether the outcome is as-
sociated with missingness (in this case the disability items are the outcomes though, the
latent variable is the “predictor”). The difference between MAR and MCAR is that miss-
ing data patterns are independent of the observed data under MCAR, while they are not
independent of the observed data under MAR.
1Mplus option for maximum likelihood estimation with robust standard errors.
2Montecarlo integration would have been needed and a very high starting value (i.e. 5000) necessary to make the model
converge.
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Table 5.3: Descriptive statistics for all core-members and selected sample
Variables
Core-member respondents
(n=11,391)
Respondents with complete
records for disability items
(n=9,715)
N % N %
Sex
Male 5,186 45.53 4,455 45.86
Female 6,205 54.47 5,260 54.14
Total 11,391 100 9,715 100
Age
50-64 5,854 51.39 5,193 53.45
65-74 3,181 27.93 2,724 28.04
75+ 2,356 20.68 1,798 18.51
Marital status
single 630 5.53 515 5.3
married 7,570 66.47 6,651 68.47
divorced or separated 1,195 10.49 992 10.21
widowed 1,994 17.51 1,556 16.02
Total 9,714 9,714 9,714 100
Parental status
Yes 9,300 81.65 7,955 81.88
No 2,090 18.35 1,760 18.12
Total 11,390 100 9,715 100
Household size 11,391 2.03 9,715 2.04
Ethnicity
White 9,504 97.89 9,504 97.89
non-White 205 2.11 205 2.11
Total 9,709 100 9,709 100
Education
high educate 2,500 22.01 2,279 23.47
middle educated 3,997 35.18 3,584 36.9
low educated 4,864 42.81 3,849 39.63
Total 11,361 100 9,712 100
Income
1st quintile 2,178 20.01 1,861 20
2nd quintile 2,177 20 1,861 20
3rd quintile 2,178 20.01 1,861 20
4th quintile 2,176 19.99 1,862 20.01
5th quintile 2,177 20 1,859 19.98
Total 10,886 100 9,304 100
Wealth
1st quintile 2,241 20.03 1,915 20.01
2nd quintile 2,236 19.98 1,915 20.01
3rd quintile 2,242 20.03 1,914 20
4th quintile 2,235 19.97 1,915 20.01
5th quintile 2,237 19.99 1,913 19.99
Total 11,191 100 9,572 100
Occupation
Managerial or professional 2,854 25.6 2,605 27.25
intermediate 3,945 35.39 3,445 36.04
Routine or technical 4,349 39.01 3,509 36.71
Total 11,148 100 9,559 100
Father’s job at 14
professional or managerial 3,216 28.67 2,834 29.51
skilled 3,167 28.23 2,711 28.22
unskilled 1,494 13.32 1,296 13.49
other 3,341 29.78 2,764 28.78
Total 11,218 100 9,605 100
Smoking
never 3,990 35.56 3,481 35.83
ex smoker 5,232 46.64 4,568 47.02
current 1,997 17.8 1,666 17.15
Total 11,219 100 9,715 100
Drinking
heavy drinker 489 4.36 427 4.4
normal drinker 7,195 64.15 6,432 66.22
non-drinker 3,532 31.49 2,854 29.38
Total 11,216 100 9,713 100
Physical activity
very active 6,967 62.13 6,276 65
normally active 3,274 29.2 2,763 28.45
inactive 972 8.67 674 6.94
Total 11,213 100 9,713 100
Chronic Illness
Yes 6,471 56.85 5,397 55.56
No 4,911 43.15 4,316 44.44
Total 11,382 100 9,713 100
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When Discrete-Time Survival Analysis (DTSA) for the fully adjusted model was run,
as pointed out in the published paper, observations with missing values for the x variables
(i.e. the independent variables, that in my model include disability and all confounders)
were discharged. Only 4% of these data were missing, corresponding to three main miss-
ing patterns. This is illustrated in Table 5.4. A total of 9,295 observations have complete
records, with the most common missing data pattern arising from missing only own oc-
cupation (N = 155), both income and wealth (N = 140) and only father’s occupation
(N = 106). For these variables, simple logistic regression models were run where the depen-
dent variable was the indicator of each variable being missing and the independent variables
were some key demographic variables and education for which information was complete.
All demographic variables and disability dummy were found predictive of missingness of
each of these variables (Table 5.5).
Table 5.4: Missing Data Pattern
N Marital
status
Alcohol Chronic
illness
Physical
activity
Educ-
ation
Ethn-
icity
Father’s
job
Income Wealth Occup-
ation
9295 1 1 1 1 1 1 1 1 1 1
155 1 1 1 1 1 1 1 1 1 0
140 1 1 1 1 1 1 1 0 0 1
106 1 1 1 1 1 1 0 1 1 1
6 1 1 1 1 1 0 1 1 1 1
2 1 0 1 1 1 1 1 1 1 1
2 1 1 0 1 1 1 1 1 1 1
2 1 1 1 1 0 1 1 1 1 1
2 1 1 1 1 1 1 0 0 0 1
1 0 1 1 1 1 1 1 1 1 1
1 1 1 1 0 1 1 0 1 1 1
1 1 1 1 0 1 1 1 1 1 1
1 1 1 1 1 0 1 0 1 1 1
1 1 1 1 1 1 1 1 0 0 0
Table 5.5: Mutually adjusted estimated odds ratios of missingness in wave 1 by variable
affected by missingness; estimated by logistic regression
Logistic regression coefficients Income Wealth Occupation Father’s job
Age (years) 0.98** 0.98** 1.04*** 1.01
Sex (M vs F) 1.62*** 1.62*** 8.79*** 1.03
Disability (yes vs no) 0.74*** 0.74*** 1.2* 0.96
Education -middle vs high 1.03 1.03 1.3 1.97**
Education -low vs high 0.68 0.68 3.04*** 2.44***
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The fully adjusted model of DTSA presented in the published paper (table 3) was
based on complete Complete Case Analysis (CCA). Below (Table 5.6), the results from the
same model, but estimated using FIML are reported, so that the sample size was the same
as that of the model where age was the only predictor. The results obtained using FIML
were very close to those of Table 3 of Research Paper II, both for men and women.
Table 5.6: Odds ratios estimated by DTSA using FIML
Time since disability
measurement (years)
OR 95% CI
MALES
1 2.271*** (1.15,3.39)
2 1.679*** (1.09,2.27)
3 1.85*** (1.27,2.43)
4 1.389** (1.02,1.76)
5 1.485*** (1.08,1.89)
6 1.01 (0.73,1.29)
7 1.344* (0.95,1.74)
8 1.315* (0.95,1.68)
9 1.412*** (1.07,1.76)
10 1.916*** (1.34,2.49)
FEMALES time-invariant effect 1.365*** (1.2,1.53)
CI=confidence interval; OR=odds ratio
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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Factor loadings
Table 5.7 reports the factor loadings obtained from the first order measurement model with
three factors, corresponding to the three domains of disability identified by the WHO’s ICF,
and the eyesight component. By rule of thumb, if the absolute value of the standardised
loading is greater than 0.4, the variable is considered relevant for the particular factor.
Table 5.7: First order measurement model’s factor loadings a
Impairment Estimate (S.E.)
Hypertension 0.24 (0.015)
Arthritis 0.615 (0.011)
Parkinson 0.375 (0.048)
Emotional or psychiatric problems 0.219 (0.021)
Dementia 0.377 (0.058)
Hearing 0.315 (0.011)
Sight 0.366 (0.011)
Sight at distance 0.357 (0.011)
Sight close 0.356 (0.011)
Pain 0.727 (0.009)
Chest-pain 0.454 (0.013)
Pain across the front of chest 0.467 (0.017)
Pain in legs 0.752 (0.008)
Dizziness 0.72 (0.011)
Shortness of breath 0.781 (0.007)
Breath with wheezing 0.436 (0.016)
Incontinence 0.439 (0.016)
Memory problems 0.251 (0.011)
Depression 0.439 (0.015)
Eyesight Estimate (S.E.)
Sight 0.808 (0.005)
Sight at distance 0.774 (0.006)
Sight close 0.793 (0.005)
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Activity Estimate (S.E.)
Walking 100 yards 0.937 (0.005)
Sitting for about 2 hours 0.686 (0.011)
Getting up from a chair 0.774 (0.008)
Climbing several flights of stairs 0.837 (0.006)
Climbing one flight of stairs 0.889 (0.006)
Stooping- kneeling or crouching 0.796 (0.007)
Reaching or extending arms above shoulder 0.693 (0.012)
Pulling or pushing large objects 0.877 (0.006)
Lifting or carrying weights over 10 pounds 0.862 (0.006)
Picking up a 5p coin from a table 0.644 (0.017)
Getting dressed 0.801 (0.009)
Walking across room 0.875 (0.011)
Bathing 0.851 (0.008)
Eating 0.697 (0.021)
Getting in and out of bed 0.826 (0.01)
Toileting 0.766 (0.015)
Following conversation 0.31 (0.014)
Balance 0.79 (0.007)
Walking quarter of mile 0.922 (0.004)
Restless sleep 0.416 (0.013)
Participation Estimate (S.E.)
Preparing a hot meal 0.874 (0.011)
Using a map to get oriented 0.538 (0.021)
Shopping for groceries 0.926 (0.007)
Making telephone calls 0.527 (0.029)
Doing work around house or garden 0.935 (0.006)
Managing money 0.615 (0.025)
Using public transport 0.885 (0.009)
Being member of any organization 0.262 (0.015)
Engaging in any activities 0.474 (0.014)
Early retirement due to health problems 0.324 (0.022)
Retirement due to health problems 0.385 (0.023)
a Factor loadings larger than 0.4 are reported in bold and italics
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Likelihood Ratio Test (LRT)
To evaluate whether the effect of each predictor on mortality was constant over the 10
intervals or varied with time, likelihood ratio tests were performed, separately for each of
the covariates, by comparing the model including the only covariate (i.e. assuming a time
invariant effect) and the model including an interaction between the covariate and time (i.e.
allowing for time-varying effect). Results are reported in table 5.8.
Table 5.8: Likelihood Ratio Test
Variable
Males Females
LR Chi square df p-value LR Chi square df p-value
Disability 24.46 9 0.0036 11.21 9 0.2619
17.02a 9 0.0484 7.84a 9 0.5507
Age 23.86 9 0.0045 26.58 9 0.0016
Marital status 33.52 27 0.1804 19.85 27 0.837
Household size 11.26 9 0.2584 9 9 0.4372
Parental status 9.55 9 0.388 9.17 9 0.4217
Ethnicity 3.63 6 0.7267 0.78 3 0.8536
Education 9.27 18 0.9531 18.97 18 0.3936
Occupation 7.96 18 0.9792 22.18 18 0.224
Income 36.52 36 0.4445 26.57 35 0.8464
Wealth 19.52 36 0.9885 25.8 36 0.896
Smoking 19.28 18 0.3749 12.76 18 0.8057
Drinking 14.3 18 0.7097 16.1 17 0.5169
Physical activity 47.65 18 0.0002 24.19 18 0.149
Father’s job 20.52 27 0.8081 25.02 27 0.5733
Chronic illness 12.38 9 0.1928 6.74 9 0.664
a from full model
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Disability factor scores by age
As a sensitivity analysis, the disability factor score was re-estimated in the general-specific
model via multiple group analysis in the whole sample, where the grouping variable is cat-
egorical age (50-64 years, 65-74 years and 75+ years). As in the original model, I did not
stratify by sex. The factor score derived from this model was then used as the disability
explanatory variable in the survival analysis, which was run separately for the three age
groups. The results are reported in table 5.9. In this section, I explain in more details why
this sensitivity analysis was performed, and present graphically the disability factor scores
obtained from the multiple age group model, and also the factor scores additionally esti-
mated stratifying the sample by age group. The graphical representation was not mention
in the paper and is not available in the online appendix.
The focus of Research Paper II was on the older population, defined as adults aged 50
years and older. Within this group, age could potentially have an effect in the estimates of
the disability factor scores. Therefore, its effect was reassessed by first estimating the factor
scores separately by age bands (i.e. 50-64, 65-74 and 75+) and then for the total sample
using multiple group analysis (in both cases without stratifying by gender). This is shown
in figure 5.1. On the left hand side column, the distribution of the disability factor scores,
as estimated in the paper, is shown by age group; in the middle column, the distributions
of the factor scores computed stratifying by age group are reported; and on the right hand
side the distributions of the disability factor scores estimated by the multiple age group
model are also shown by age category. In each model and for each age group, the factor
score distributions were very similar to that produced by the original measurement model.
In the model stratified by age (middle column), the oldest age group (75+) presented more
variation and its disability factor scores had a larger range of values (range of disability
factor score for group 75+ was -2.1 to 3.3, s.d. 0.88; while for group 50-64 years from -1.6
to 3.2, s.d. 0.83; and for group 65-74 years -1.7 to 3, s.d. 0.86).
Finally, to check whether the survival analysis results were the same in men and women
of younger and older age groups, the disability factor scores used in the paper were replaced
with the factor scores from the measurement model fitted using multi-group analysis strat-
ifying the sample by age group. Results are shown in Table 5.9. For women, the effect of
CHAPTER 5. ASSOCIATION BETWEEN DISABILITY AND MORTALITY 95
Figure 5.1: Disability factor scores by age group, for various measurement models
Left column reports distribution of disability factor score, as estimated in the paper for each age group.
Middle column reports distribution of disability factor score estimated separately for each age group.
Right column reports distribution of disability factor score estimated using multiple group analysis.
disability on mortality was stronger in the youngest age group compared to groups aged
65-74 years and 75+ years, whose results were similar to each other. For men, results were
similar between the age groups 50-64 years and 65-74 years, while the impact of disability
on mortality was found to be weaker among the oldest age group. If men aged 75+ are
considered as survivors -as those who made it at least until age 75- this result can be in
line with the interpretation of the finding that disability has a time-varying effect in men,
which is stronger in the short term and then declines and converges to the level observed
among women. From table 5.9 we observe that for men aged 75+ years at wave 1, the
impact of disability was roughly as mild as for women. The survival function for this group
is implicitly conditional to be alive until age 75; among men, this may mean that survivors
made it until the age of 75 because they were a subsample more resilient to disability and
therefore the effect of disability on mortality among this group is similar to that experienced
by women.
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Table 5.9: Odds ratios estimated by DTSA by gender and age group using disability
estimated via multiple group analysis by age group
Time since disability
measurement (years)
50-64 65-74 75+
OR 95% CIa OR 95% CIa OR 95% CIa
MALES
1 3.622** (1.11;11.83) 4.076** (1.1;15.1) 1.283 (0.63;2.61)
2 1.714 (0.71;4.16) 1.696* (0.91;3.14) 1.741*** (1.15;2.65)
3 2.232** (1.2;4.16) 1.928*** (1.2;3.1) 1.616** (1.02;2.57)
4 1.604** (1;2.57) 1.413 (0.87;2.28) 1.132 (0.75;1.71)
5 1.405 (0.8;2.47) 1.507* (0.95;2.4) 1.34 (0.89;2.01)
6 0.971 (0.48;1.95) 0.866 (0.55;1.36) 1.252 (0.8;1.97)
7 1.894** (1.04;3.43) 1.19 (0.73;1.94) 1.129 (0.75;1.7)
8 2.156*** (1.23;3.77) 1.147 (0.74;1.78) 1.058 (0.69;1.62)
9 1.267 (0.73;2.21) 1.488* (0.95;2.33) 1.354 (0.87;2.1)
10 2.081*** (1.26;3.44) 1.632* (1;2.67) 2.07*** (1.24;3.45)
FEMALES time-invariant 1.580*** (1.2;2.08) 1.286** (1.04;1.59) 1.267*** (1.08;1.48)
a SE estimated from pooled logistic regression
CI=confidence interval; OR=odds ratio
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
Disability factor scores by gender
Another sensitivity analysis pertained to the potential gender effect in the measurement of
disability. For this reason, the general-specific measurement model was replicated (i) strati-
fying by gender; (ii) via multiple sex group analysis. Similarly to how results were presented
for age in the previous section, figure 5.2 illustrates the distribution of factor scores by sex
derived from the measurement model used in the published paper (i.e. the model run for
the total sample) (on the left), derived from the measurement model run separately for
men and women (in the middle), and derived from the measurement model via multiple
sex group analysis (on the right). Distributions were very similar across models, with the
women having greater frequency of large values, confirming that they suffer from disability
more than men. The range of values of factor scores was smaller for men; it ranged from -1.7
to 2.9, -1.7 to 2.8 and from -1.7 to 3 respectively for each model, while female ranges were
-1.7 to 3.4, -1.9 to 3.4 and -1.6 to 3.6. When disability was measured stratifying by gender
(central graphs), male and female results were closer than those obtained using sex-group
analysis (graphs on the right).
Table 5.10 reports the results of the DTSA obtained using the factor scores described
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Figure 5.2: Disability factor scores by gender
Left column reports distribution of disability factor score, as estimated in the paper, by sex.
Middle column reports distribution of disability factor score estimated separately for men and women.
Right column reports distribution of disability factor score estimated using multiple group analysis, by sex.
above. Column 1 is for the fully-adjusted model with factor scores estimated separately
by gender, and column 2 those obtained from multi-group analysis. Both models produced
results very close to each other in terms of direction and magnitude of the association of
disability with mortality. Results were also very close to those presented in the published
paper, reassuring, as stated, that the disability measurement model does not suffer from a
gender effect in its measurement, and therefore the different effect of disability on mortality
observed between men and women did not depend on how disability was measured.
Disability factor score and health conditions
The last part of the sensitivity analysis was probably the most important and the most crit-
ical. Disability scores were re-estimated excluding some of the variables originally selected.
Their selection was motivated by the WHO’s ICF guidelines, and following agreement be-
tween the three authors in charge of classifying disability items. However, some of these
variables can also be considered as health conditions. This was the case for hypertension,
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Table 5.10: Odds ratios estimated by DTSA using disability measurement by gender and
via multiple group analysis by gender
Time since disability
measurement (years)
(1) (2)
OR 95% CIa OR 95% CIa
MALES
1 2.351*** (1.29; 4.28) 2.341*** (1.3; 4.22)
2 1.824*** (1.28; 2.61) 1.836*** (1.29; 2.62)
3 1.966*** (1.43; 2.7) 1.945*** (1.42; 2.66)
4 1.472*** (1.11; 1.94) 1.457*** (1.11; 1.92)
5 1.479*** (1.11; 1.97) 1.477*** (1.11; 1.97)
6 1.04 (0.76; 1.42) 1.039 (0.76; 1.41)
7 1.325* (0.99; 1.78) 1.319* (0.98; 1.77)
8 1.317* (0.99; 1.75) 1.302* (0.98; 1.73)
9 1.406** (1.06; 1.87) 1.395** (1.05; 1.86)
10 2.013*** (1.48; 2.73) 1.989*** (1.47; 2.69)
FEMALES time-invariant 1.357*** (1.21 ; 1.53) 1.364*** (1.21; 1.54)
a SE estimated from pooled logistic regression
CI=confidence interval; OR=odds ratio
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
(1) fully adjusted model
(2) fully adjusted model controlling also for chronic conditions
arthritis, dementia, Parkinson, psychological problems and depression, all classified within
the impairment domain. The rationale for implementing this sensitivity analysis, within
the context of the aims of Research Paper II, was to make sure that gender-differences in
the association between disability and mortality were not driven by some body functions
and structures whose prevalence is more likely to differ between men and women. In a more
general perspective, the comparison of measurement models including (i.e. original model)
and excluding these variables would reassure that the validity of disability measurement
was not jeopardised by the inclusion of items classifiable either as impairment or health
conditions.
Figure 5.3 illustrates the distribution of disability factor scores for the total sample
obtained from the original model (on the left), and from the model where items about
health conditions were dropped (on the right). Observations with complete records on all
disability items excluding health condition items were 9,720 (i.e. five observations more
than in original model). The mean of the original disability factor scores was 0.0781 (s.d.
0.862, min -1.72, max 3.36), the mean of the disability factor scores calculated without HC
items was 0.085 (s.d. 0.851, min -1.6, max 3.33). The analysis was also repeated for the
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same set of observations used throughout the paper (i.e. 9,715) and the results were the
same. The Pearson’s correlation between disability factor scores including and excluding
health conditions was equal to 0.9955.
Figure 5.3: Disability factor scores including and excluding health conditions
Table 5.11 reports the results of the DTSA obtained using the disability factor score
derived from the measurement model not including health conditions. In column 1 the ORs
and 95% CIs pertain to the fully-adjusted model, and in column 2 the health conditions
excluded from the measurement model were also added as confounders. Again, results were
very similar to those presented in the manuscript. Controlling for the health conditions
reduced the effect of disability on mortality only mildly.
Conclusions from these findings are twofold. On the one hand, the results reassure
us that the inclusion of some variables that can be considered either as health conditions
or impairments does not affect the validity of the disability measurement, and also that
their role in the association with disability is really minor compared to disability itself (as
identified by the core variables). This was not unexpected. According to the WHO’s ICF
framework, health conditions underlay disability and often their onset precedes and causes
the onset of disability, which therefore is a development in the condition and as such its
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impact on mortality is stronger. The second conclusion is that, although prevalence of
these conditions differs between men and women (e.g. 25.5% of men and 38% of women
suffered from arthritis; 14% of men and 18% of women had depression; 6% of men and 9%
of women had psychological problems. See table 1 of the manuscript), this did not drive
the differences observed across gender in the association of mortality and disability.
Table 5.11: Odds ratio estimated by DTSA using disability measurement not including
chronic conditions
Time since disability
measurement (years)
(1) (2)
OR 95% CIa OR 95% CIa
MALES
1 2.19*** (1.24,3.85) 2.14*** (1.21,3.78)
2 1.8*** (1.28,2.54) 1.76*** (1.24,2.49)
3 1.87*** (1.38,2.53) 1.82*** (1.34,2.47)
4 1.44*** (1.1,1.88) 1.4** (1.07,1.84)
5 1.46*** (1.1,1.93) 1.42** (1.07,1.88)
6 1.04 (0.77,1.41) 1.01 (0.74,1.37)
7 1.33* (0.99,1.77) 1.28* (0.96,1.72)
8 1.32** (1,1.75) 1.28* (0.97,1.69)
9 1.38** (1.04,1.82) 1.33** (1,1.77)
10 1.96*** (1.45,2.64) 1.9*** (1.41,2.56)
FEMALES time-invariant 1.39*** (1.23,1.56) 1.38*** (1.23,1.56)
a SE estimated from pooled logistic regression
CI=confidence interval; OR=odds ratio
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
(1) fully adjusted model
(2) fully adjusted model controlling also for chronic conditions
Addedum to Research Paper II
As additional robustness check, I considered a model for the pooled sample that interacts
disability with gender and formally examines whether there are differences in the relation-
ship between disability and mortality in men and women. A significant interaction between
gender and disability would suggest a different effect of disability on mortality between
men and women, and therefore reinforce the finding of Research Paper II that disability is
more fatal for men than women in the short term, but the association tends to converge
to the level observed over time in women. The sensitivity analysis was done considering
both the time-invariant as well as the time-varying effect of disability on mortality and
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the time-invariant and time-varying effect of its interaction with gender. The most general
model (i.e. without constraining disability and its interaction with gender to have a time
invariant effect) confirmed the results presented in Research Paper II. The time-varying
interaction coefficient was only marginally significant at time one and had a negative co-
efficient (equal to -0.189, p-value=0.063), meaning that at time one women with disability
had lower probability of dying compared to men. For deaths that occurred 2+ years after
disability was measured, the interaction coefficients were not significant, suggesting that
the effect of disability on mortality was not different for men and women. This reinforces
the findings obtained stratifying the sample by sex, where it was found that disability has
a time-varying effect for men which is stronger in the short time and then tends to con-
verge to womens level. Time-varying and time-invariant coefficients of interaction terms are
presented in table 5.12.
Table 5.12: Odds Ratios of interaction between disability and gender for mortality
Time since disability
measurement (years)
OR 95% CI
1 0.828* (0.68; 1.01)
2 0.94 (0.77; 1.15)
3 0.768 (0.54; 1.1)
4 0.793 (0.56; 1.12)
5 0.9 (0.63; 1.28)
6 1.009 (0.68; 1.49)
7 1.031 (0.73; 1.45)
8 1.118 (0.76; 1.63)
9 1.155 (0.81; 1.64)
10 0.818 (0.56; 1.19)
time invariant effect 0.907* (0.81 ;1.01)
CI=confidence interval; OR=odds ratio
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1
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5.4 Conclusions
The key findings of Research Paper II concern gender differences in the association between
disability at baseline and mortality observed over a decade.
Of particular interest is the finding that among men disability appeared to be very
strongly associated with mortality in the short term and then the effect tended to converge
to that observed among women, for whom disability had a time-invariant effect. This may
be key to interpret and forecast future trends in health and mortality, and I make explicit
reference to this point in Research Paper IV, when I discuss gender differences in trends in
Disability-Free Life Expectancy (DFLE) in England over the past decade.
In Research Paper II disability was measured as a continuous variable and the disability
odds of dying increased as the baseline disability score increased, both for women and men.
To answer the research question asked in the paper, considering disability as a quantitative
variable was more advantageous than using it as a binary or categorical variable. However,
for the progression of this thesis, it is needed to classify disability as a discrete variable,
in order to combine it with mortality and estimate DFLE. The classification of disability
as a categorical variable is tackled in Research Paper III, and the results are then used for
answering the research questions asked in Research Paper IV.
Research Paper II has been published in the European Journal of Epidemiology in 2015
[42]. A preliminary version of its abstract was published in the Journal of Epidemiology
and Community Health [44]. The work was presented as a poster during the Research
Degree Students’ Poster Day at London School of Hygiene and Tropical Medicine (2016)
and awarded the prize of best poster (available in the appendix, figure 9.2). It was also
presented in its preliminary stage at the 59th Annual Scientific Meeting of the Society for
Social Medicine in September 2015 and in its final stage at the international conference
of the Population Association of America in April 2016. The slides of the most updated
presentation are also included in the appendix (figure 9.1).
Chapter 6
Levels of disability
6.1 Preamble
Research Paper III addresses objective 4 and contributes to the debate on the usefulness and
relevance of adopting a finer categorization of disability, and discusses why it is important
to go beyond a binary definition of disability, as it is currently common in public health
research and evaluation.
• Research Objective 4: To identify an optimal number of severity levels of disability
based on empirical evidence
To achieve this objective, I start from the continuous score of disability estimated in Re-
search Paper II and convert it into a binary measure. Then, adopting a different approach,
disability is classified as a multi-categorical variable. Lastly, the alternative specifications of
disability levels are compared to select the most useful classification for health evaluation.
This process corresponds to address two research questions:
- How severe does continuous disability need to be for a person to be classified as dis-
abled?
- Would a finer classification of disability better capture clustering of disability items
and of heterogeneities in later disease and mortality rates?
Disability is measured according to the theoretical framework used in Research Pa-
per II and illustrated in Chapter Three. Different approaches and methods are used to
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operationalise disability as a binary and multi-categorical summary variable, but they are
all based on the same set of variables identified in Research Paper II according to the
International Classification of Functioning Disability and Health (ICF)’s framework.
6.2 Research Paper III
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Background: Recent studies suggest the importance of distinguishing severity levels of disability.
Nevertheless, there is not yet a consensus with regards to an optimal classiﬁcation.
Objective: Our study seeks to advance the existing binary deﬁnitions towards categorical/ordinal man-
ifestations of disability.
Methods: We deﬁne disability according to the WHO's International Classiﬁcation of Functioning,
Disability and Health (ICF) using data collected at the baseline wave of the English Longitudinal Study of
Aging, a longitudinal study of the non-institutionalized population, living in England. First, we identify
cut-off points in the continuous disability score derived from ICF to distinguish disabled from no-
disabled participants. Then, we ﬁt latent class models to the same data to ﬁnd the optimal number of
disability classes according to: (i) model ﬁt indicators; (ii) estimated probabilities of each disability item;
(iii) association of the predicted disability classes with observed health and mortality.
Results: According to the binary classiﬁcation criteria, about 32% of both men and women are classiﬁed
disabled. No optimal number of classes emerged from the latent class models according to model ﬁt
indicators. However, the other two criteria suggest that the best-ﬁtting model of disability severity has
four classes.
Conclusions: Our ﬁndings contribute to the debate on the usefulness and relevance of adopting a ﬁner
categorization of disability, by showing that binary indicators of disability averaged the burden of
disability and masked the very strong effect experienced by individuals having severe disability, and
were not informative for low levels of disability.
© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
A large body of research on the conceptualization and mea-
surement of disability has been published, accompanied by reviews
of alternative disability models (with corresponding measurement
methods1) and studies of the methodology for the measurement of
disability. The challenges faced in this ﬁeld derive from the fact that
disability is often measured by self-reported responses to survey
questions,2,3 with problems including thewording of the questions,
the time periods for which disability is reported, and the difﬁculties
in administering surveys (see for example Freedman,4 Jette5). On
the other hand, the challenge of coding survey data in studies of
disability, and of choosing between binary or more reﬁned classi-
ﬁcations of disability has received remarkably less attention. At the
same time, the relevance of identifying meaningful classiﬁcation of
disability is becoming clearer, while there is no general consensus
in the literature with regards to the optimal number of disability
grades/levels. For example, a recent study set in the UK6 and
studying trends in disability-free life expectancy has shown that
the increase in number of years with any disability was higher for
periods with mild disability than for those with moderate or severe
disability. This suggests how important it is to distinguish different
levels of severity of disability when assessing disability and mor-
tality trends. Another example is the recent study of Wolf and
colleagues (2015)7 that identiﬁed three distinctive trajectories of
disability, which differed with respect to their pace of decline. The
authors acknowledged as a limitation of their work that they relied
* Corresponding author. Tel.: þ44 7949131608.
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on a binary deﬁnition of disability and that a more ﬁnely graded
measure might have led to different trajectories.
An attempt to categorize disability by severity level was made
by Manton and Gu (2005).8 They identiﬁed, among the older US
population, six groups with distinctive aspects of disability ranging
from active to frail and a seventh group comprising of nursing
home residents. By looking at disability trends over seventeen
years, the authors claimed that simply considering the ‘per annum
decline in chronic disability in the US elderly population (..) masks
variation in per annum changes in the prevalence of disability and
institutionalized residents' (Manton and Gu (2005), p.328). Changes
were found to be different across disability categories and by
identifying where they occurred, the authors calculated changes in
Medicare costs and related savings in population shifts from a
severely disabled category to the non-disabled group.
The lack of equivalent evidence for the UK and, more generally,
the scarcity of studies on more reﬁned disability classiﬁcations,
along with the potential policy relevance of addressing this gap,
have motivated our work. Although the correct balance between
the need for identifying a more reﬁned disability grouping and the
risk of over-classiﬁcation is not easily achievable, this paper at-
tempts to explore the advantages and disadvantages of binary
versus multi-categorical classiﬁcations, by examining their
discriminant power in terms of different health outcomes.
This study seeks to (1) produce binary and multi-categorical
classiﬁcations of disability; (2) identify an optimal number of cat-
egories of disability using alternative criteria; (3) examine whether
a multi-categorical classiﬁcation may be advantageous compared
to a binary.
To do so, we ﬁrst measure disability as a continuous score and
ask “How severe does continuous disability need to be for a person
to be classiﬁed as disabled?”. The rationale for ﬁnding a threshold
for a binary classiﬁcation, comes from the need for summarising
the information, for example to provide population estimates of
disability prevalence.
Splitting the population into two categories, however, may be
too simplistic. Therefore, the second question we ask is “Would a
ﬁner classiﬁcation of disability better capture clustering of
disability items and of heterogeneity in later disease and mortality
rates?”. To answer this question, we identify boundaries among
categories of disability severity in terms of their association with
health function and mortality, adopting a similar approach as the
one adopted by Serlin and colleagues9 who delineated different
levels of cancer pain severity. The rationale behind assessing the
association between disability and selected health outcomes was
derived from three hypotheses about why people with disabilities
may have poorer mental and physical health than their non-
disabled peers. First, the experience of living with a disability
could lead to mental health problems and worse physical condi-
tions; second, people with mental and physical health problems
could be more likely to subsequently become disabled; and third,
other factors, such as socioeconomic circumstances, might inde-
pendently increase the risk of disability andmental ill health. Given
that we measure disability at baseline and health outcomes over
the course of the following ten years, we mainly explore the ﬁrst
hypothesis, supported by evidence on the association between
disability and mental health,10 as well as studies investigating the
association between physical disability (or physical activity)11,12
and muscle strength and quality and functional limitation.
To address these research questions, we rely upon the WHO's
conceptualization of disability as deﬁned in the International
Classiﬁcation of Functioning, Disability and Health (ICF),13 and use a
common set of disability items selected according to the ICF con-
ceptual framework to derive ﬁrst a continuous score of disability
and relative cut-off points, and then to derive a multi-categorical
disability summary performing latent class analysis (LCA).
2. Material and methods
2.1. Data source and sample
This study used data drawn from the English Longitudinal Study
of Ageing (ELSA). Brieﬂy, ELSA is a longitudinal study of the non-
institutionalized population, living in England, who were aged 50
years or older at the time of interview. 11,391 core-member re-
spondents were recruited at wave one in 2002/2003. For our
analysis, we included all participants who had complete records on
all disability items at wave 1, leaving us with a sample of 9715 (in
the Appendix, section A, we justify this choice). We take advantage
of the longitudinal nature of the study and also use outcome
measures from the following ﬁve waves of the survey, i.e. up to
2010/2011. A detailed description of the ELSA cohort proﬁle has
been released recently.14
2.2. Measures
2.2.1. Disability
Variables describing disability were chosen according to the
WHO's ICF framework. In this study we rely on the screening and
selection carried out in a previous work.15 There, a total of ﬁfty
items was selected to model disability. Brieﬂy, body function and
structureweremeasured using variables such as self-rated eyesight
and hearing, chronic conditions such as high blood pressure and
arthritis, and questions about pain; activity limitations were
measured through activity of daily living (ADLs) and mobility
functions; instrumental activities of daily living (IADLs) and various
limitations due to health problems, such as in working, were
selected for assessing participation restrictions. Variables were all
either dichotomous (i.e. yes/no answer) or ordered categorical. A
detailed description of the items and selection process is available
elsewhere.15
2.2.2. Health measures and death
Information on deaths that occurred from 2002 to 2011 was
freely available, and for respondents who gave their consent to link
their data to the National Health Service Central Register (NHSCR)
time of death by year was also disclosed.
A number of health indicators were considered and selected to
cover different spheres of health, including measures of mental
health and anthropometric measures for physical domains. Here
we present one outcome for each group, although analyses were
replicated for more indicators and are available upon request.
Mental health function was measured at every wave using eight
items of the CES-D scale and treated as a continuous variable
ranging from 0 to 8. Anthropometric measurements for physical
functioning were assessed during the nurse visits, which took place
every two waves, i.e. the second, fourth and sixth waves. Physical
functioning was assessed through grip strength in the dominant
hand and was estimated by the average of three measurements
done using the Smedley dynamometer.
2.2.3. Confounders
When assessing the association of disability with mortality and
selected health outcomes, we controlled for a number of con-
founders, all of themmeasured at wave 1.We only considered these
early measures to avoid the issues arising from later values of these
confounders lying on the causal pathway between disability and
mortality: controlling for them would remove some of the associ-
ation between exposure (disability) and outcome.16 The con-
founders in the model included demographic characteristics such
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as ethnicity, marital and parental status and household size; so-
cioeconomic position measured through income, wealth, occupa-
tion and education; health-related behaviours including smoking,
drinking and physical activity; and the presence of limiting long-
lasting illness and socioeconomic background represented by fa-
ther's occupation when respondents were fourteen.
2.3. Analysis
The methods used are presented in separate paragraphs, ac-
cording to the research question they address. All analyses were
carried out separately for men and women.
2.3.1. Binary disability
In order to capture disability as a binary variable, we used the
continuous score estimated in our previous study from the battery
of 50 items described above using a latent variable measurement
model. A full description of the model is available elsewhere.15
Here we intended to ﬁnd a threshold in this continuous score
that optimally discriminates disabled and non-disabled individuals.
To do so, we adopted two approaches:
1. We follow the WHO's strategy13 and replicated the WHO's
approach looking at the average disability score observed
among those reporting at least one limitation in any of the six
disability questions selected by the Washington Group (WG).17
The six disability domains identiﬁed as crucial by the WG
include problems in seeing, hearing, walking or climbing steps,
remembering or concentrating, washing all over or dressing and
communicating, for example understanding or being
understood.
2. We used the Receiver Operating Characteristic (ROC) methods18
to assess the agreement of our score with an external gold
standard. The external gold standard we chose consists of
receiving health or disability beneﬁts. The cut-off in the
continuous disability score was then chosen using two alter-
native criteria19 known as the point on the curve closest to the
(0, 1) (where speciﬁcity¼ 1 and sensitivity¼ 1), and the Youden
index.
The disability prevalence resulting from these approaches were
then compared with national statistics on the proportion of
disabled people in the UK in 2002. National data were collected in
the General Lifestyle Survey.20
2.3.2. Multi-categorical disability
To produce categorical measures of disability, LCA was per-
formed, using all 50 binary and categorical variables previously
identiﬁed as indicators of disability. An individual is assigned to be
member of a class according to his/her highest probability of being
in that class, even though an individual may have several classes to
which he/she is a partial membership.21 We explore models with
two through six latent classes of a latent variable (the algebraic
notation is available in the Appendix, section B). The choice of the
number of classes, i.e. of best-ﬁtting model to represent categorical
disability, is based on three sets of criteria. The ﬁrst set consists of
statistical indicators, including entropy, the Bayesian Information
Criterion (BIC) and the bootstrap likelihood ratio test (BLRT).22 The
second set of criteria consisted of comparisons of each model's
estimated probabilities of endorsing a disability item across classes
and the assessment of whether they highlight informative differ-
ences. The third criterion used external validation of each model's
predicted disability classes in terms of their association with mor-
tality and health, as explained in the next paragraph.
2.3.3. Association of disability with mortality and health
We considered the association between each version of cate-
gorical disability, i.e. with classes from two to six classes, and each
of the following outcomes: mortality by 10 years since entry, and
the longitudinal trajectories of grip strength and mental health.
Association between disability andmortality was assessed using
discrete-time survival analysis (DTSA) through pooled logistic
regression models,23 with measures of effect expressed as odds
ratios.
The association with health outcomes was parameterised using
latent growth models (LGM).24 Fig. 1 illustrates the conceptual
model of the association of latent categorical disability and mental
health observed at each wave (i.e. six-time points) selected here as
an illustrative outcome, controlling for all confounders (age and all
the demographic and socioeconomic variables described in the
previous section). The algebraic notation to express the top part of
Fig. 1 (i.e. latent growth model) can be found in the Appendix,
section C. Equivalent models were ﬁtted for all the other health
outcomes.
Missingness in outcome observations was assumed to be
missing at random (MAR) and maximum likelihood estimationwas
used. This means that we assume that missingness in outcome data
was explained by observed outcomes at other waves and the var-
iables included in the model. These variables however also suffer
frommissingness; for this reason, we only include respondents that
have complete confounder and exposure data.
3. Results
3.1. Sample characteristics
Of 9715 total participants included in the analyses, 54% were
women, and the overall average age was 64 years (64.4 and 64.8 for
men and women respectively). Over the course of the study (from
2002 to 2011), 21% of males and 16% of female respondents died
corresponding to 1775 respondents in total. Of the 50 disability
items, women had higher prevalence than men in almost all vari-
ables, with the exception for example of difﬁculty in communi-
cating and being engaged in social activity. Prevalence of all
disability indicators by gender are available in Appendix Table A1
and details on summary statistics of health outcomes data across
waves are available in Table 1.
3.2. Binary disability
According to national statistics for the 45 þ UK population in
2002, 32.8% of men and 32.9% of women have disability.20
The continuous disability score developed in a previous work15
ranged from 1.71 to 2.85 among men and from 1.85 to 3.42
among women (see Fig. 2). The average score among women was
0.08 and 0.09 among men.
To reproduce the WHO's strategy for ﬁnding the disability cut-
off, we estimated ﬁrst the proportions of respondents reporting
at least one limitation in the six WG activities. 62.4% of men and
60.7% of womenwere found to have at least one limitation in the six
WG activities. The mean disability score among the respondents
belonging to this group was 0.44 and 0.47 for men and women
respectively. Setting the cut-off point at these values led to 31.5% of
male respondents and 31.7% of female respondents being classiﬁed
as having disability.
When we used ROC analysis to set the threshold for dis-
tinguishing disabled and non-disabled individuals, we found that
the cut-off for men was 0.51, according to both criteria, i.e. the
Youden index and minimization of r. For women, the cut-off was
0.50 when using the minimum value of r and 0.58 based on the
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Youden index. According to these values, 29.2% of male re-
spondents and either 30.3% -according to Youden index- or 27.9%
-according to minimum value of r-of women were considered
disabled.
A graphical summary of these results is provided in Fig. 2. It
shows the distribution of the continuous disability score by gender
and the cut-off points obtained using the two approaches (with two
results presented when using the ROC method for women).
3.3. Categorical disability
Latent class models were ﬁtted separately by gender; their ﬁt
Fig. 1. Conceptual model including measurement model of disability and latent growth model for mental health measured on six occasions. MH ¼Mental Health; C ¼ confounders
(it includes all confounders listed in the text); “ …” only some of the 50 disability items were reported to ease the reading of the model.
Table 1
Sample size and mean scores of health outcomes by wave at measurement.
Mental health scorea Grip strengthb Coagulationc
n Mean score (s.d.) n Mean score (s.d.) n Mean score (s.d.)
Wave 1 9715 1.51 (1.92)
Wave 2 7743 1.52 (1.91) 6839 29.4 (11.43) 5382 3.2 (0.72)
Wave 3 6630 1.46 (1.92)
Wave 4 5792 1.36 (1.86) 5021 28.1 (11.29) 3513 3.4 (0.56)
Wave 5 5389 1.48 (1.91)
Wave 6 4889 1.28 (1.8) 4238 26.9 (10.55) 2966 3 (0.54)
a Scale from 0 (no symptoms in any CES-D item).
b Measured in kg and averaged over three measurements.
c Measured in g/l.
B. Pongiglione et al. / Disability and Health Journal xxx (2017) 1e94
Please cite this article in press as: Pongiglione B, et al., Levels of disability in the older population of England: Comparing binary and ordinal
classiﬁcations, Disability and Health Journal (2017), http://dx.doi.org/10.1016/j.dhjo.2017.01.005
indicators are presented in Appendix (Table A2). Overall, all models
had entropy higher than 0.88, indication of good allocation quality
for both for men andwomen. For both genders, the highest entropy
was observed in themodel with three classes, whilst the lowest BIC
was in the 6-classes model. When assessing the BLRT, problems
with local maxima occurred, therefore BLRT was not used as a
criterion for model selection. The proportions of respondents
assigned to different categories of disability by each model are re-
ported in Table A3 in the appendix.
The estimated probabilities of a positive item response for each
disability class provide a ﬁrst description of each disability class.
They are illustrated below in Fig. 3a and b for 3-class and 4-class
models and available in Appendix for 5-class and 6-class models
(Fig. A2). These probabilities were quite distinct across disability
groups in the 3-class model both for men and women. We labelled
the category with lowest probabilities “no disability”, the inter-
mediate “mild disability” and the group with highest probability
“severe disability”. The largest differences were found for the items
concerning pains andmobility, such as walking a quarter of mile, or
climbing stairs. In the 4-classmodel, categories were labelled as “no
disability”, “mild disability”, “moderate disability” and “severe
disability”. “No disability” and “mild disability” overall presented
similar estimated probabilities, but some differences were still
noticeable among impairment items. ”Moderate disability” had
higher estimated probability than “no disability” and “mild
disability” for all items, and the largest differences were observed,
again, for some of the impairment variables, such as having pain,
and in the mobility items. Severe disability had the highest esti-
mated probabilities for all items and the gap with moderate
disability was particularly large with regards to the activity domain
as well as for items describing participation. In models with ﬁve
and six classes (see Appendix, Fig. A2), the groups having the lowest
levels of disability (i.e. groups 1, 2 and 3) tended to have very
similar estimated probabilities, suggesting that there was not much
difference in the endorsement of disability items among these
groups.
3.4. Association of alternative speciﬁcations of disability levels with
health and mortality
Before showing whether alternative speciﬁcations of disability
appear to explain some outcome variation over time and in which
direction, we brieﬂy present the results of the association of each
alternative speciﬁcation of disability measured at baseline with
health outcomes measured at wave 6; corresponding tables by
gender are available in the appendix (Table A4). We use this anal-
ysis as a preliminary step to see whether disability affects health
measured after a ten-year lag, regardless of how this relationship
changed over this interval, to facilitate the interpretation of the
results from the LGM presented below. In synthesis, there seemed
to be a severity gradient, where those belonging to the most
disabled group performed theworst compared to non-disabled, but
the number of signiﬁcant disability levels strongly varied depend-
ing on the outcome considered.
Table 2 shows the association of binary and multi-categorical
speciﬁcations (i.e. 3-class and 4-class models) of disability with
the estimated growth parameters of selected outcomes, controlling
for the complete set of confounders, while model estimated means
of latent growth factors and the results for 5-class and 6-class
models are available in the appendix (Tables A5 and A6 respec-
tively). Binary disability (however speciﬁed) (ﬁrst three rows) was
associated with a signiﬁcant worse intercept (i.e. mean outcome at
baseline) for disabled versus not disabled men and women. The
trajectories of grip strength in women as well as the trajectories of
mental health in men appeared to converge with those of non-
disabled ones, as shown by the opposite sign of the disability ef-
fect on the intercepts and slopes estimated in the growth model.
To assess the existence of a severity gradient of disability, we
looked at multi-categorical disability and observe whether there
was evidence of heterogeneity or linearity of associations. A
disability gradient was found both in the 3-class and 4-class
models. In the 3-class model, at baseline (as measured by the
intercept coefﬁcient estimated in the LGM) those having mild and
severe disability presented lower grip strength, higher mental
health problems and higher probability of dying compared to non-
disabled, with the disadvantage being larger for those suffering
from severe disability. In the 4-class model, all disability categories
presentedworse health conditions and higher odds of dying at each
time point compared to no disability. The size of the intercept co-
efﬁcients of moderate disability in the 4-class model was close to
that of mild disability in the 3-class model. Results for 5 and 6-class
models are available in the appendix and overall indicate that the
Fig. 2. Observed distributions of continuous disability score and cut-off points identiﬁed by the two approaches, by gender. Blue line: cut-off according to WHO's approach. Red
line: cut-off according to ROC curve, minimazing r. Green line: cut-off according to ROC curve, maximizing j. (For interpretation of the references to colour in this ﬁgure legend, the
reader is referred to the web version of this article.)
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intercepts and slopes of all outcomes among individuals assigned to
disability groups 2 and 3 were not signiﬁcantly different from those
assigned to group 1 (i.e. no disability), and for higher severity of
disability groups, the differences in grip strength, mental health at
the ﬁrst wave and odds of dying relative to non-disabled group was
progressively larger as disability increased (intercept coefﬁcients).
Therefore, comparing the results of the growth models for each
disability speciﬁcation, we observe that estimates for binary
disability in terms of sizewere in between the coefﬁcients observed
for mild and severe disability in multi-categorical disability. Inter-
cept coefﬁcients of the association betweenmild disability in the 3-
class model and each outcomewere very close to those of moderate
disability in the 4-class model; and intercept coefﬁcients of severe
disability in 3-class and 4-class models were close to each other.
The lowest disability group in the 4-class model (i.e. mild disability)
presented signiﬁcant worse health and mortality conditions
Fig. 3. a Probability of each disability item estimated by the 3 and 4-class models, men. b Probability of each disability item estimated by the 3 and 4-class models, women.
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compared to no disability group, but the disadvantage was smaller
than in the other disability groups. Such a small but signiﬁcant
disadvantage was not captured when identifying only 3 categories
of disability.
Finally, regarding the rate of change over time, as captured by
the slopes, in most cases multi-categorical deﬁnitions of disability
did not seem to identify signiﬁcant differences in changes in health
conditions over time. In the few cases where there was evidence of
association, we observed a ‘protective effect’ of disability, where the
worsening of the condition was slower among disabled -whatever
the level of disability was-compared to their non-disabled coun-
terpart, indicating a convergence of the trajectories over time.
4. Discussion
In this paper we sought to examinewhether a ﬁner classiﬁcation
of disability in the 50 þ English population may be useful for both
descriptive and health policy planning purposes. To the best of our
knowledge, this is the ﬁrst study attempting to identify categories
of disability based on empirical evidence, rather than upon a priori
theoretical classiﬁcation, for the English population. Along with the
identiﬁcation of the most adequate number of disability categories,
the results produced in this study also help to understand the
relevance of classifying disability correctly and describe the main
characteristics of each category. Our conclusion suggests that the
best classiﬁcation of disability consists of four classes. While
acknowledging that some arbitrariness and subjectivity affect this
conclusion, there are also multiple sources of evidence lending
support to our decision. Below we elaborate why we think that the
optimal number of disability levels is four and discuss why it is
important to go beyond a binary deﬁnition of disability.
The optimal number of disability classes was chosen based on:
(i) ﬁt indices; (ii) estimated probabilities of disability items condi-
tional on class membership; and (iii) external validation based on
the association of disability classes with health and mortality. The
ﬁrst criterion did not point to a preferred model. When we looked
at probabilities of endorsing disability items for each class, some
evidence for making a decision emerged. We wanted to identify as
many grades of disability as each group presented a different
probability of having problems with each disability item. The
support to the 4-class model came considering and comparing all
the class models, and therefore observing that in the 5 and 6-class
models four patterns appeared, and with 4 classes the distinction
between the two lowest levels was small, but still appreciable. The
third criterion conﬁrmed this conclusion by showing the existence
of a disability gradient associated with mortality and health
Table 2
Association of disability groups with mortality and a number of mental and physical health indicators for a selection of modelsa.
Women
Speciﬁcation of disability level Mean grip strength Mental Health Death
Intercept Slope Intercept Slope b coef
2 classes (WHO) disabled 3.387*** 0.259*** 1.099*** 0.006 1.456***
(3.9; 2.88) (0.13; 0.39) (0.98; 1.22) (0.04; 0.03) (1.219; 1.740)
2 classes (ROC curve min r) disabled 3.439*** 0.236*** 1.108*** 0.008 1.486***
(3.96; 2.92) (0.11; 0.37) (0.98; 1.23) (0.05; 0.03) (1.244; 1.774)
2 classes (ROC curve max j) disabled 3.702*** 0.285*** 1.115*** 0.016 1.452***
(4.23; 3.17) (0.15; 0.42) (0.99; 1.24) (0.05; 0.02) (1.217; 1.732)
2 classes - LCA disabled 3.68*** 0.281*** 1.223*** 0.025 1.407***
(4.21; 3.15) (0.15; 0.42) (1.1; 1.35) (0.06; 0.01) (1.18; 1.678)
3 classes - LCA mild 2.092*** 0.053 0.827*** 0.014 1.333***
(2.56; 1.62) (0.06; 0.17) (0.71; 0.94) (0.02; 0.05) (1.094; 1.624)
severe 5.398*** 0.363*** 1.971*** 0.072*** 1.779***
(6.16; 4.63) (0.17; 0.56) (1.8; 2.15) (0.12;0.02) (1.390; 2.276)
4 classes - LCA mild 0.594** 0.003 0.191*** 0.002 1.212
(1.12; 0.07) (0.12; 0.13) (0.07; 0.31) (0.04; 0.03) (0.941; 1.563)
moderate 2.604*** 0.118* 0.94*** 0.003 1.477***
(3.14; 2.07) (0.01; 0.25) (0.81; 1.07) (0.03; 0.04) (1.176; 1.855)
severe 5.829*** 0.32*** 1.994*** 0.082*** 1.850***
(6.69; 4.97) (0.1; 0.54) (1.8; 2.18) (0.14;0.02) (1.406; 2.433)
Men
Speciﬁcation of disability level Mean grip strength Mental Health Death
Intercept Slope Intercept Slope Beta
2 classes - WHO disabled 2.396*** 0.038 1.164*** 0.071*** 1.548***
(3.2; 1.59) (0.17; 0.24) (1.05; 1.28) (0.11; 0.04) (1.306; 1.836)
2 classes - ROC curve disabled 2.452*** 0.022 1.175*** 0.073*** 1.529***
(3.28; 1.62) (0.19; 0.24) (1.06; 1.29) (0.11; 0.04) (1.291; 1.810)
2 classes - LCA disabled 3.115*** 0.029 1.311*** 0.068*** 1.439***
(4.02; 2.21) (0.21; 0.27) (1.19; 1.44) (0.11; 0.03) (1.213; 1.708)
3 classes - LCA mild 1.867*** 0.09 0.854*** 0.055*** 1.349***
(2.67; 1.06) (0.11; 0.29) (0.74; 0.97) (0.09; 0.02) (1.131; 1.608)
severe 4.691*** 0.288* 1.978*** 0.147*** 1.726***
(5.94; 3.44) (0.05; 0.62) (1.81; 2.14) (0.2; 0.09) (1.375; 2.165)
4 classes - LCA mild 0.669* 0.046 0.234*** 0.002 1.087
(1.45; 0.12) (0.24; 0.14) (0.13; 0.34) (0.03; 0.03) (0.885; 1.335)
moderate 2.22*** 0.041 1*** 0.054*** 1.529***
(3.13; 1.31) (0.19; 0.27) (0.87; 1.13) (0.09; 0.02) (1.252; 1.868)
severe 5.474*** 0.426** 2.179*** 0.19*** 1.978***
(6.84; 4.11) (0.06; 0.79) (2; 2.36) (0.25; 0.13) (1.544; 2.533)
b coef, b coefﬁcient; 95% conﬁdence intervals in brackets (); ***p < 0.01, **p < 0.05, *p < 0.1.
a All models are adjusted for all confounders.
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consisting of four levels of disability. The identiﬁcation of three
categories of disability and a no-disability group (i.e. 4-class model)
enabled us to capture the strong effect of severe disability as well as
the intermediate impact of moderate disability, and also the small
but signiﬁcant disadvantage in health andmortality experienced by
those affected by mild disability compared to the non-disabled.
This small but signiﬁcant effect experienced by the mildly
disabled had a correspondence in the ﬁnding that the item proﬁles
of non-disabled and mildly disabled in the 4-class model were very
similar to each other, but with some appreciable differences,
especially in the sensory functions in the impairment domain.
Therefore, our results suggest that the best classiﬁcation of
disability has four classes, consisting of “no disability”, “mild
disability” which presents characteristics more similar to no
disability than the other disability levels, and “moderate” and
“severe disability”.
In the introduction, we pointed out the relevance of going
beyond a binary deﬁnition of disability, and mentioned recent
studies6,7 that have stressed the importance of identifying more
ﬁnely graded measures of disability. Our ﬁndings contribute to this
debate by showing the loss of information due to too broad cate-
gorizations of disability, compared to a more reﬁned scale of
severity. Using the 4-class model as a reference, we observed that
the magnitude of the association between binary disability and all
outcomes lied in between the results observed for the groups
suffering from the most severe disability (moderate and severe). In
the growth model for the relationship between disability and
health outcomes, the intercept coefﬁcients of binary disability were
just slightly higher than the intercept coefﬁcient of moderate
disability. The binary indicator averaged the burden of disability
and masked the very strong effect experienced by individuals
having severe disability, and was not informative for low levels of
disability. As shown by Jagger et al. (2015),6 life expectancy with
mild-disability is expanding, meaning that the number of years
expected to be lived in mild-disability is increasing over time and
the proportion of life expected to be lived without mild disability
has decreased. If adequate grades of severity are not identiﬁed, it is
not possible to monitor low disability, and equally it is impossible
to assess the strong impact of severe disability.
Finally, we report some limitations that affect this work. First,
we used estimated probabilities of class membership as a covariate
in regression analysis and this ignores misclassiﬁcation error.
Various 3-step methods have been proposed to account for
this.25,26 We acknowledge this here, but it was beyond the scope of
this work to explore in details this technical aspect. Moreover, the
fact that entropy was high and adequate separation between the
identiﬁed latent classes was found suggests that results would be
very similar. Second, while latent variable modelling was in many
respects a natural approach to measure disability, one issue is that
it is data dependent which asks for further research to compare
ﬁndings across different settings. A possible step to validate our
results would be to replicate the analysis using the ELSA's sister
studies, such as the Health and Retirement Study (HRS), Survey of
Health, Ageing and Retirement (SHARE), which offer a substantially
similar set of variables and are targeted on the same type of pop-
ulation of ELSA (adults aged 50þ) but in other countries.
Lastly, we mention a feature of the study which limits the
interpretation of results and calls for future research. While we
investigated the association between disability and health out-
comes to assess the grades of disability, we came across interesting
results, especially concerning the effect of disability over time.
Particularly unexpected was the ﬁnding that in some cases the
health status of disabled individuals seemed to deteriorate at a
slower pace compared to their non-disabled counterparts (where
slope coefﬁcients were signiﬁcant and with opposite sign
compared to intercept coefﬁcients). We hypothesize that it may be
due to the fact that non-disabled people are more likely to become
disabled over time, and this would explain why slope coefﬁcients
were signiﬁcant and suggesting a protective effect of disability
especially among the most disabled group, which cannot become
any more disabled, and therefore the impact of their level of
disability at baseline on health and mortality over time is more
likely to remain the same. The nature of the data limits a more
detailed investigation of this ﬁnding, and most research on the
association between disability and anthropometric measures for
physical domains and mental health is cross-sectional limiting the
conclusions that can be drawn about causality. This opens the doors
to further research to robustly explore our hypothesis, for example
treating disability as a time varying variable and observing its tra-
jectory and its impact on health.
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6.3 Supporting Information to Research Paper III
This section contains the content of the supplemental material of Research Paper III, which
is not included in the paper, but available online (http://www.disabilityandhealthjnl.
com/article/S1936-6574(17)30007-9/addons). Sections, tables and figures are num-
bered according to the format of regular chapters, but I report also the corresponding
numbered headings of the online material to facilitate the comparison with references in the
text, as shown in tablerp3app.
Table 6.1: Numbered headings in the online supplemental material and Supporting
Information to Research Paper III
Online supplemental material Supporting Information
Not included ROC curve
Not included Sensitivity analysis of WG questions (Table 6.2
Section A Supporting Information to Research Paper II (pag. 87)
Section B Latent Class Analysis
Section C Latent Growth Model
Fig. A1 Figure 6.3
Fig. A2 Figure 6.4
Table A1 Table 1 of Research Paper II
Table A2 Table 6.3
Table A3 Table 6.4
Table A4 Table 6.5
Table A5 Table 6.6
Table A6 Table 6.7
ROC curve
The ROC curve was used to check the agreement of the continuous score of disability with
an external gold standard, consisting of receiving health or disability benefits. The cut-off
in the continuous disability score was set based on two different criteria: (i) the Youden
index that maximises the vertical distance (j) from line of equality to the point [x, y] on
the curve, and (ii) the minimal value of r:
r =
√
(1− specificity)2 + (sensitivity − 1)2 (6.1)
This is illustrated in figure 6.1 in a generic example.
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Figure 6.1: ROC curve and its components
The cut-off points obtained for our sample, by gender, are illustrated in figure 6.2. For
men, the Youden index and minimal r criteria identified the same cut-off point; while for
women, the cut-off was different depending on the criterion.
Figure 6.2: ROC curve of receiving health or disability for the detection disability, by
gender.
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Sensitivity analysis of Washington Group questions
As mentioned in Research Paper III (p. 3), the six disability domains identified by the WG
include problems in seeing, hearing, walking or climbing steps, remembering or concentrat-
ing, washing all over or dressing and communicating. The ELSA questionnaire includes
questions related to these domains, but communicating was captured by a variable related
more to hearing impairment rather than communication problems. Therefore, as a sensi-
tivity analysis, I excluded this question and looked at the average disability score observed
among those reporting at least one limitation in any of the five disability questions. The
proportion of respondents reporting at least one limitation in the five WG activities was
61.5% of men and 59.1% of women. The mean disability score among the respondents of this
group was 0.46 and 0.50 for men and women respectively. Setting the cut-off point at these
values led to 31.0% of male respondents and 30.6% of female respondents being classied
as having disability. Table 6.2 summarizes all different proportions of disabled respondents
found according to each approach (i.e. WHOs approach and ROC curve) and national
statistics, plus proportions obtained from sensitivity analysis for the WHOs approach.
Table 6.2: Binary classifications of disability
Approach
Proportion
Men Women
WHO 31.5 31.7
WHO sensitivity analysis 31 30.6
ROC curve - min (r) 29.2 30.3
ROC curve - max (j) 29.2 27.9
ONS 32.8 32.9
Latent Class Analysis
For binary items and a categorical latent variable Ck with K classes (C = k;K = 2, . . . 6),
the marginal probability of observed item uj (withj = 1, 2 . . . , 50) being equal to 1 is
Pr(uj = 1) =
∑K
k=1
Pr(Ck = k)Pr(uj = 1|Ck = k) (6.2)
Where the second part of Eq. 6.2, Pr(uj = 1|Ck = k), denotes the conditional prob-
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ability of the item being equal to 1 the class is equal to k and Pr(Ck=k) is the probability
of class k.
Latent Growth Model
In the algebraic notation used in Structural Equation Model (SEM)s, LGM can be formu-
lated as follows, with yit representing the health outcome being observed in individual i at
occasion t:
yit = λ0tintercepti + λ1tslopei + eit (6.3)
where
intercepti = β00 + Z
T
i β01 + u0i (6.4)
slopei = β10 + Z
T
i β11 + u1i (6.5)
Eq. 6.3 is the first level equation, Eq.6.4 and 6.5 are the second level equations. Z is a vec-
tor of time-fixed variables that includes the disability levels defined by a given latent class
model; and u0i and u1i are individual-level random effects which are assumed to be jointly
normally distributed, with mean (0,0) and variance-covariance matrix Σ. The residual er-
rors eti are also assumed to be normally distributed and, to aid identification, to have the
same variance for all t. The parameters λ0t are pre-defined factor loadings for the subject-
specific random intercepts (and are fixed to be equal to 1), while the pre-defined factor
loadings for the subject-specific random slopes are set to values that reflect the observation
times of the outcomes. The assumption of linear growth for health outcomes implies fixing
λ1t =0,1,2,3,4,5 in the case of 6 time-points of observation. We assume linear growth for
mental health and grip strength, while for coagulation non-linear growth models are fitted
by freeing the factor loading for the last time point 1.
The model 2 estimated growth factor means are obtained from:
1There are only three observation time-points for grip strength and coagulation, while a minimum of four time-points
is recommended for growth models (http://www.statmodel.com/discussion/messages/14/20.html?1459099011), so that the
model has enough degrees of freedom to allow for modifications of the model. However, with three timepoints and a continuous
outcome, the H1 model has 9 free parameters and the H0 model has 8 free parameters. We did not incur problems of model
fit with grip strength outcome. When we estimated the factor loading for the slope of coagulation at time score 3 we fixed the
covariance between the random slopes and intercepts to be 0 to achieve identifiability.
2Fully adjusted controlling for all confounders mentioned in the methods section.
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Eˆ(intercepti) = βˆ00 + Z¯
T
i βˆ01 (6.6)
Eˆ(slopei) = βˆ10 + Z¯
T
i βˆ11 (6.7)
Supporting tables and figures
Figure 6.3: Mean grip strength, mental health score and coagulation estimated via latent
growth models, by gender
Sample size for grip strength: women listwise=2,054 women MAR=3,817 men listwise=1,664 men MAR=3,301
Sample size for coagulation: women listwise=1,250 women MAR=3,083 men listwise=952 men MAR=2,665
Sample size for mental health: women listwise=2,526 women MAR=4,962 men listwise=1,952 men MAR=4,333
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Figure 6.4: Probability of each disability item estimated by 5-class and 6-class models, by
gender
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Table 6.3: Latent class models goodness of fit indicators, by gender
Men
# classes BIC entropy free parameters
3 184507.25 0.914 242
4 181752.86 0.904 323
5 180330 0.901 404
6 179795.2 0.898 485
Women
# classes BIC entropy free parameters
3 235,433.02 0.906 242
4 232,979.96 0.889 323
5 231,568.25 0.892 404
6 230,449.94 0.885 485
Table 6.4: Estimated latent class proportions according to their most likely latent class
membership, by model and gender
# classes
3-class model 4-class model 5-class model 6-class model
men women men women men women men women
1 62.9 53.6 43.8 35.9 17.6 13.7 16.8 13.2
2 24.8 33 24.9 23.8 28.1 24 26.6 21.7
3 12.3 13.4 20.6 28.8 24.5 22.9 24.9 19.8
4 10.8 11.6 19.5 28.1 12.6 25.7
5 10.4 11.3 10 13.9
6 9.2 5.6
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Table 6.5: Association of disability groups measured at baseline with mental and physical
health indicators measured at wave 6
Men
Specification of
disability level
Mean grip strength Mental Health score
β coef 95% CI β coef 95% CI
2 classes (WHO) -1.710*** (-2.715 - -0.705) 0.794*** (0.612 - 0.975)
2 classes (ROC curve) -1.844*** (-2.896 - -0.792) 0.836*** (0.647 - 1.025)
2 classes -0.979** (-1.943 - -0.0147) 0.563*** (0.391 - 0.734)
3 classes
-2.448*** (-4.086 - -0.811) 1.489*** (1.203 - 1.775)
-2.444*** (-3.610 - -1.277) 1.057*** (0.851 - 1.263)
4 classes
-0.486 (-1.347 - 0.374) 0.200** (0.0476 - 0.353)
-1.383** (-2.488 - -0.277) 0.683*** (0.485 - 0.882)
-2.558*** (-4.327 - -0.789) 1.506*** (1.194 - 1.818)
5 classes
-0.501 (-1.472 - 0.470) 0.0646 (-0.110 - 0.239)
-0.668 (-1.710 - 0.375) 0.234** (0.0490 - 0.420)
-1.851*** (-3.123 - -0.578) 0.784*** (0.556 - 1.012)
-2.903*** (-4.826 - -0.981) 1.549*** (1.209 - 1.888)
6 classes
-0.418 (-1.406 - 0.570) 0.0754 (-0.103 - 0.253)
-0.69 (-1.737 - 0.357) 0.271*** (0.0843 - 0.458)
-1.001 (-2.362 - 0.360) 0.648*** (0.404 - 0.892)
-2.959*** (-4.632 - -1.286) 1.039*** (0.740 - 1.339)
-2.942*** (-5.002 - -0.882) 1.525*** (1.159 - 1.890)
Women
Specification of
disability level
Mean grip strength Mental Health score
β coef 95% CI β coef 95% CI
2 classes (WHO) -1.780*** (-2.418 - -1.142) 0.970*** (0.776 - 1.163)
2 classes (ROC min r) -1.942*** (-2.594 - -1.290) 0.999*** (0.802 - 1.196)
2 classes (ROC max j) -1.973*** (-2.641 - -1.305) 1.024*** (0.822 - 1.226)
2 classes -1.899*** (-2.571 - -1.226) 1.020*** (0.816 - 1.223)
3 classes
-1.378*** (-1.944 - -0.812) 0.790*** (0.617 - 0.962)
-3.383*** (-4.360 - -2.405) 1.641*** (1.346 - 1.935)
4 classes
-0.672** (-1.237 - -0.107) 0.149* (-0.0252 - 0.324)
-1.653*** (-2.294 - -1.012) 0.834*** (0.638 - 1.030)
-4.430*** (-5.528 - -3.332) 1.643*** (1.312 - 1.975)
5 classes
-0.39 (-1.104 - 0.324) 0.0546 (-0.165 - 0.274)
-0.855** (-1.579 - -0.132) 0.235** (0.0123 - 0.458)
-1.811*** (-2.598 - -1.024) 0.940*** (0.700 - 1.180)
-4.604*** (-5.796 - -3.412) 1.719*** (1.357 - 2.081)
6 classes
-0.141 (-0.878 - 0.596) 0.031 (-0.195 - 0.257)
-0.703* (-1.450 - 0.0451) 0.186 (-0.0437 - 0.417)
-1.732*** (-2.518 - -0.946) 0.713*** (0.473 - 0.952)
-3.023*** (-4.029 - -2.017) 1.464*** (1.159 - 1.769)
-4.723*** (-6.431 - -3.016) 1.938*** (1.439 - 2.438)
CI=confidence interval; β coef=β coefficient ; 95% confidence intervals in brackets (); ∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1.
Parameter estimates (β coefficient) and p-values calculated by the linear model adjusted for all confounders.
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Table 6.6: Model estimated means (and standard errors) of latent
growth factors
Grip strengtha Mental Health scorea
intercept (s.e.) slope (s.e.) intercept (s.e.) slope (s.e.)
Women 22.896 (0.119) -0.719 (0.026) 1.711 (0.026) 0.007 (0.007)
s.d. 5.767 0.316 1.498 0.217
Men 39.308 (0.188) -1.304 (0.041) 1.286 (0.025) 0.014 (0.007)
s.d. 8.614 0.609 1.364 0.176
a Estimated means are the same across all-class models. Values are reported once.
s.e.=standard error; s.d.=standard deviation
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6.4 Conclusions
The main result of Research Paper III answers the second research question presented in the
introduction of the paper (section 6.2.2) and in the preamble of this chapter (section 6.1)
“Would a finer classification of disability better capture clustering of disability dimensions
and of heterogeneities in later disease and mortality rates?”. In the context of our research,
the best classification of disability consists of four classes, labeled “non-disability”, “mild
disability”, “moderate disability” and “severe disability”.
Some advantages of using multicategorical classifications of disability compared to
binary classifications are also presented, and it is shown how dichotomous categorizations
of disability -compared to a more refined scale of severity- mask the very strong effect of
severe disability by averaging the burden of disability, without being informative on the
impact of lower levels.
The results of Research Paper III offer strong evidence for separating low grades of
disability from moderate and more serious grades of disability and are at the basis of
development of Research Paper IV, where trends in Disability-Free Life Expectancy (DFLE)
over a decade are explored distinguishing three levels of disability, i.e. mild, moderate and
severe, as opposed to non-disability.
Evidence produced in Research Paper III indicate that identifying adequate categories
of severity scale is needed to fully understand the paths along which populations are ageing.
Research Paper III is in press in the Disability and Health Journal [43]. A preliminary ver-
sion of this work was presented in a seminar session of the Department of Medical Statistics
at London School of Hygiene and Tropical Medicine (LSHTM) and a more advanced version
in a seminar session of the MRC Unit for Lifelong Health and Ageing, University College of
London. The slides of the most updated presentation are available in the appendix (figure
9.3).
Chapter 7
Trends in disability-free life
expectancy between 2002 and 2012 in
England
7.1 Preamble
In Research Paper IV, I address objectives 5 and 6 of this thesis. This means (i) assessing
how Disability-Free Life Expectancy (DFLE) has evolved over a decade in England when
distinguishing four levels of disability (including non-disability), and (ii) proposing possible
explanations for observed changes in DFLE and differences across gender and severity levels.
• Research Objective 5: To combine each level of disability with mortality in a single
indicator of population health, DFLE, and use it to estimate how expectancies of healthy
life have changed over a decade across the two genders and across different levels of
disability. Disability is measured according to the WHO’s International Classification
of Functioning Disability and Health (ICF) framework, as in Research Papers II and
III, and the choice of distinguishing four levels of disability (i.e. non-disability and
mild, moderate and severe disability) comes from findings of Research Paper III.
• Research Objective 6: To explore possible demographic and behavioural factors explain-
ing changes in DFLE observed over a decade. Do achieve objective 6, the aggregate
outcome of DFLE is replaced with the individual-level Years Lost to Disability (YLD)
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to assess whether changes in YLD between waves 2 and 6 are associated with Body
Mass Index (BMI). BMI is specifically chosen as a risk factor of interest because: (1)
overweight and obesity are known to be associated with higher risk of becoming and
remaining disabled, but have little or no effect on life expectancy; (2) the prevalence
of overweight or obesity varies across cohorts, and cohort differences are of particular
interest when comparing life expectancy and health expectancy. This is an exploratory
analysis which open doors to further investigation. In the discussion of Research Paper
IV as well as in the discussion of the thesis (Chapter Eight), I present my findings and
propose and discuss avenues for future research.
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7.2 Research Paper IV
Disability-free life expectancy between 2002 and 2012 in England: trends differ across gen-
ders and levels of disability
7.2.1 Abstract
Background: The aim of this work is to assess how disability-free life expectancy (DFLE) has evolved
over the past decade in England distinguishing four levels of disability, and to propose possible explanations
for observed changes over time and differences between genders and disability severity levels.
Methods: We used data from the English Longitudinal Study of Ageing and considered both cross-sectional
and longitudinal samples, interviewed from 2002 to 2012 (at 6 waves). Disability was defined according to
the WHO’s International Classification of Functioning, Disability and Health, from which 4 classes were
estimated (no disability, mild, moderate and severe), in correspondence to each wave, using latent class
analysis. DFLE was estimated at the first and last wave by applying Sullivan’s method, and years lost to
disability (YLD) were estimated in a second stage to perform individual-level analyses of the relationship
between changes in YLD between 2002 and 2012 and Body Mass Index (BMI) measured in 2002 and year
of birth.
Results: Changes in DFLE observed between 2002 and 2012 differed across gender and disability classes.
Severe and moderate disability declined for women, while their mild disability increased, indicating a dy-
namic equilibrium overall. Men experienced worse changes, with stable levels of severe disability and
increasing moderate disability. There was evidence of modification of the effect of BMI by year of birth on
changes in YLD, such that high BMI resulted particularly detrimental to younger cohorts.
Conclusion: Two conclusions emerge from these results: (i) It is important to distinguish between milder
and more severe levels of disability because their trends seem to be divergent. (ii) The evidence of in-
teraction between BMI and year of birth points towards the need for closely monitoring BMI in younger
generations as this appears to be detrimental in terms of their disability experience in later life.
Key words: Disability free life expectancy; expansion; compression; older population; England
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7.2.2 Introduction
Life expectancy has been used as an indicator of population health for a long time. More
recently, with the completion of the “epidemiological transition” in high and low-middle
income countries [70], mortality has ceased to be as tied to health as it was before, and life
expectancy does no longer fully capture the health status of a population. From the 1960s,
with the study of Sanders [71] and Sullivan [72], the assessment and monitoring of population
health changes have shifted towards indicators that combine both mortality and morbid-
ity (or disability); these are known as Summary Measures of Population Health (SMPH).
With the development and adoption of new population health indicators, evaluations of
their trends over time have emerged. Three distinct theories of population health changes
have been proposed, namely: compression [18], expansion [16, 17] and dynamic equilib-
rium of morbidity and mortality [20]. It has often been remarked that empirical evidence
supporting any of these theories is scarce. However, there has been increasing interest in
the use of health expectancy indicators for public policy and planning and for the evalu-
ation of public health programs over the last decades. Hence, the lack of support for any
of the abovementioned theories is not only due to the scarcity of studies, but also to the
heterogeneity and discordance of results. In 2003, the results of a decade’s work on health
expectancy of the Re´seau Espe´rance de Vie en Sante´ (REVES) project was collected in a
book and evidence on theories of population health changes were evaluated [73]. At chap-
ter 18, combining the chronological series available for several European countries, from
the 1980s and 1990s, Perenboom et al. [74] showed that Total Life Expectancy (TLE) has
been increasing in European countries, but this was not always accompanied by a rise in
health expectancy. Health expectancy has increased but not as much as TLE. A closer
look indicated an increase in the number of years in mild ill health and a decreasing or
stable situation for the number of years in moderate or severe ill health [75]. However, the
evidence was not very strong and it is unclear whether the conclusions also hold for more
recent years.
In the UK and England -where the present study is set- evidence is mixed. The UK is
one of the few countries for which time-series of life expectancy and health expectancy have
been available since the 1980s [34], and thus it has been possible to study trends over about
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three decades. Nevertheless, no clear pattern has been found. Between 1981 and 1999,
dynamic equilibrium of morbidity was found [34]. Perenboom et al. [74], collecting evidence
from UK-based studies, reported that in the UK, between 1980 and 1994 there seemed to
be an increase in DFLE for females aged 65 years [37], and handicap-free life expectancy
increased between 1976 and 1991, but the trend reversed downward between 1991 and 1994
[38, 75]. A more recent study [40] investigated how various health expectancies have changed
in England between 1991 and 2011, and showed that cognitive impairment compressed in
absolute terms (i.e. supporting evidence of reduction), self-perceived health compressed in
relative terms (i.e. increase in the proportion of life spent healthy), and disability evolved
in dynamic equilibrium, with less severe disability increasing and more severe disability
declining.
Looking at other recent studies focused on the older population and set in different
countries (US [76, 77], and Sweden [78]), evidence varied across settings, but some common
findings emerged as well. The studies that distinguished mild and severe forms of disability
[76, 78], generally agreed in finding a decline in severe forms of disability and a rise in
milder levels. The study by Freedman et al., set in the US between 1982 and 2011 [76],
found that among women aged 65+ mild disability has increased, while severe disability has
decreased in proportional terms, but increased in absolute value. The study by Sundberg
et al. [78] of Swedish trends between 1992 and 2011, supported absolute and proportional
compression of severe disability among women and expansion among men; it also showed
absolute expansion of mild disability for men and women, and proportional stability of mild
disability, with women experiencing an expansion in the last period of observation. No
compression of disability across the life cycle, but some compression at age 65 years, was
found in the US study that did not distinguish levels of disability [77].
As just described, health expectancies can be assessed in absolute terms or relative to
trends in life expectancy [73]. Attention has been focused on these two alternative measures
of health expectancy to understand the advancement in the process of healthy ageing. What
has often been neglected, however, is the importance of the actual number of expected years
with and without disability and the need for monitoring them over time, regardless of their
comparison -in terms of proportions or differences- with life expectancy. This is because
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estimates of expected years with and without disability are informative of the overall burden
of disability.
Given these premises, this study intends to contribute to the debate on compression,
expansion and dynamic equilibrium of mortality and morbidity by assessing how DFLE has
evolved in England over a decade -hence providing additional evidence to support or chal-
lenge the prevailing theories of population health change- and produce evidence for absolute
and proportional shifts in population health. We use data from the English Longitudinal
Study of Ageing (ELSA), and therefore focus on adults aged 50 years and older, to estimate
DFLE applying the Sullivan method. Doing so, our research provides new evidence by (i)
updating results for the last decade in England among the non-institutionalised popula-
tion aged 50 years and older; (ii) interpreting disability according to the ICF framework,
which is a comprehensive approach to disability that includes impairments, activity limi-
tations and participation restrictions, rather than focusing on specific domains separately;
(iii) distinguishing severity levels of disability to better understand changes in DFLE; (iv)
considering both longitudinal and cross-sectional samples to provide robust estimates; (v)
exploring possible explanations for the observed dynamics of DFLE, modelling changes in
a corresponding outcome measurable at the individual level, YLD.
This corresponds to the following specific objectives:
1. to estimate DFLE for four different levels of disability at two points in time a decade
apart (2002 and 2012), separately by gender;
2. to compare changes in DFLE over time between men and women and across severity
levels of disability;
3. to propose possible explanations for the estimated changes in DFLE over a decade,
shifting the analysis to the individual level via estimates of YLD, and looking at indi-
vidual’s overweight and obesity status at baseline as an explanatory factor, as well as
a modifier of the association between year of birth and YLD.
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7.2.3 Data and Methods
Sample
We used data from the ELSA. The ELSA is a longitudinal study designed to collect longi-
tudinal multidisciplinary data on health, social outcomes, wellbeing and economic circum-
stances from a representative sample of the English population aged 50 years and older
living in private households. Originally, the sample was drawn from households that had
previously responded to the Health Surveys for England (HSE) in 1998, 1999 or 2001. So
far, six waves have been issued and every two waves -starting from the second- a nurse
visit has taken place. The nurse interview involves measurements of physical function, an-
thropometric measurements and collection of blood samples. As the study progresses, the
youngest groups are -as expected- depleted. Therefore, refreshment samples of participants
aged 50+ have been included at wave 3, wave 4 and wave 6 of data collection. DFLE esti-
mates for 2002 are based on core-member respondents at wave 1 who have complete records
on all variables used to measure disability. This corresponded to 9,731 observations, 45.9%
(4,462) men and 54.1% (5,269) women. Respondents were all aged 50 years and older,
female mean age was equal to 64.8 years and male mean age was 64.4 years. For estimating
DFLE in 2012 we used data from wave 6 and considered two alternative sample definitions.
The first, which we refer to as the cross-sectional sample, consisted of core members1 of
wave 6 who have complete records on all disability variables measured at this wave; this
included also the refreshment sample of wave 6 as well as refreshment samples from previous
waves who participated in the last wave. This corresponded to 7,507 observations of which
4,173 women (55.6%) and 3,334 men (44.4%). Female mean age was equal to 67.4 years
and male mean age was 67.3 years. The second definition consisted of respondents selected
at wave 1 and interviewed again at wave 6, whether they did or did not take part in the
surveys between the first and the sixth wave. We refer to this as the longitudinal sample. It
corresponded to 4,602 observations, of which 44.3% (2,037) men and 55.7% (2,565) women.
In this case, since respondents had been followed up for about ten years, the youngest group
was aged 60 years, with women’s mean age being 71.6 years and men’s mean age 71.4 years.
1members are both individuals interviewed at wave 1 and followed up throughout each wave and participants included in
refreshment samples at wave 3, 4 and 6.
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Measure
Disability
Since the 1960s, disability has been increasingly interpreted through a disablement process,
along which functional limitations expose to activity restrictions, with a hierarchy in the
occurrence of restrictions [52]. As a result, disability has often been measured by activ-
ity limitations, most commonly using Activity of Daily Living (ADL) (e.g. Jagger et al.
[79], Lazaridis et al. [80], Dunlop et al. [81]) or combining in hierarchical scales ADL and
Instrumental Activity of Daily Living (IADL) [82] and mobility functions [83]. In this work,
we adopt a more recent and comprehensive approach to conceptualize disability, elaborated
in 2001 by the WHO, the ICF [48], which is currently the predominant theoretical model of
disability [63, 84]. The ICF model derives from previous conceptual schemes of disability,
the first of which was the “disablement model” proposed by Nagi in 1965 [52], in the 1980
the International Classification of Impairments Disabilities and Handicaps (ICIDH) [53] was
issued, and the more recent “disablement process” was proposed in 1994 by Verbrugge and
Jette [51]. These models introduced a new approach to conceive disability that was inter-
preted not only as a medical condition, but also in terms of its social implications. The ICF,
while including concepts of disability very similar to those used by Nagi, has the advantage
of being developed by an international organization after a long consultative process, and
has been intended to become the predominant language to define disability [63]. The ICF
views functioning along a continuum and attempts to replace previous terminology that im-
plies distinctions between healthy and disabled individuals. According to this framework,
disability consists of three main domains: “body-function and structure” (or impairments),
“activity limitations” and “participation restrictions”. Importantly, within the ICF, the
terms function and disability are not used to label specific elements in the model but in-
stead are used as umbrella terms in the same fashion that the term disablement is used
within the Nagi framework [63]. The validity and applicability of the ICF to capture dis-
ability among the older population was tested in a previous work [42], which was based
on the same data used in this paper (ELSA), and where a continuous score of disability
covering impairments, activity limitations and participation restrictions was measured. We
rely on this previous work for the selection and classification of the variables capturing each
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of the domains [43]. In this setting, we add an extra criterion for the inclusion of items.
Only items collected at each wave, from the first to the sixth, were included to measure dis-
ability. This corresponded to a battery of 42 items, sub-classified across the three domains,
as follow. Body function and structure were measured by 12 variables including hyperten-
sion, arthritis, Parkinson, psychosocial problems, dementia, self-rated eyesight (including
eyesight at distance and close) and hearing, being troubled with pain, incontinence and
depression. Some of these items are most commonly considered health conditions -and as
such not part of disability- and studied as forms preceding disability rather than its compo-
nent [85, 86, 87, 88]. Previous sensitivity analyses compared disability estimates obtained
including and not including hypertension, arthritis, Parkinson, psychosocial problems and
dementia among the impairment domain and found no difference on the disability summary
measures nor its effect on mortality2 [42]. As a result, we decided to include these variables
in the model of disability. We also performed sensitivity analysis excluding these items from
disability measures. Results are presented in the Supporting Information to Research Paper
IV and discussed in the discussion section. Activity was measured by 19 variables consisting
in ten mobility functions such as walking 100 yards, sitting for two hours, climbing stairs;
six ADLs, i.e. dressing, walking across room, bathing, eating, getting in/out bed, toileting;
being able to follow a conversation and quality of sleep. For participation, 11 variables were
selected: six IADLs, i.e. preparing hot meal, using map, grocery shopping, making calls,
doing housework, managing money; being member of any organization and doing any social
activity; and limitations due to health in using transports and working. Disability classes
were estimated for both cross-sectional and longitudinal samples at each wave to assess the
validity of stationarity assumption of the Sullivan method (see next paragraph). Results for
waves 1 and 6 are presented in the text, while results for intermediate waves are available
in the Supporting Information to Research Paper IV (Table 7.9).
Mortality
Mortality rates were estimated using estimates of the relevant English population and re-
ported deaths in 2002 and in 2012, by sex and single year of age, obtained from the Office
2Pearson’s correlation between disability scores was equal to 0.9955
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for National Statistics (ONS)3. Mortality rates were produced by 5-year age groups.
ONS mortality rates pertain to the total population, while disability prevalence refers
to ELSA’s sample, which does not include institutionalised individuals. The problem of
combining national data on the general population, with survey-based information often
targeted on non-institutionalised populations is particularly crucial for older populations,
as known in literature [41, 89]. A commonly applied option to provide population estimates
of disability prevalence, adjusting for the population excluded from surveys, was proposed
by Sullivan [72] and consists in adjusting estimates by assuming that the entire population
of health-related institutions have disability. In this study, no assumptions were made,
thus implicitly assuming same prevalence among institutionalised and non-institutionalised
populations. A study aimed at testing a number of hypotheses for including institution-
alised individuals in disability prevalence estimates, showed that for advanced age groups,
the overestimation resulting from the Sullivan’s hypothesis can be greater than the un-
derestimation descending from the assumption of same prevalence in institutionalised and
household populations [89]. However, there is no guarantee that in the context of our anal-
ysis the same result holds, and neither hypothesis can avoide bias completely. A further
consideration is that, while at baseline (wave 1), ELSA’s target population consisted in
people aged 50 years and older living in private household, over the course of the study
if respondents moved into a residential care home or similar, they were followed up and
still included into the sample. Therefore, the ELSA samples at wave 1 and 6 are likely to
be representative of slightly different populations. As a sensitivity analysis, presented in
the Supporting Information to Research Paper IV (tables 7.11 and 7.12), we excluded from
our sample at wave 6 “institution interviews”, so that both samples at wave one and wave
six were representative of the same population, consisting in non-institutionalised English
adults aged 50+. Additionally, an analysis of the representativeness of ELSA’s samples in
terms of mortality, provided in the Supporting Information to Research Paper IV (table
7.8), found that the ELSA mortality converges to that of the general population over time.
Implications and limitations of this aspect are further commented in the discussion.
3https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/adhocs/
005676englishpopulationestimatesanddeathsbysexandsingleyearofage1993to2013
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Body Mass Index
Overweight and obesity are known to be associated with higher risk of becoming and re-
maining disabled, but have little or no effect on life expectancy [90, 91, 92, 93]. At the
same time, the prevalence of overweight or obesity varies across cohorts, and a UK study
found that the probability of overweight or obesity in childhood was two to three times
greater among younger cohorts (i.e. born after 1980s), and older generations were exposed
to increases in the probability of overweight or obesity across adulthood [94]. Therefore,
variations in BMI (which is the most commonly used measure for monitoring the prevalence
of overweight and obesity) may be associated with changes in disability and mortality to
different extent between younger and older cohorts. For this reason, in the last stage of anal-
ysis we considered BMI at baseline and its interaction with year of birth in the association
with YLD.
BMI was calculated by dividing a person’s weight in kilograms by the square of their
height in metres. Measurements of weight and height were available from the nurse visits
(available from wave 2). If height or weight could not be measured, then an estimate was
obtained from a self-assessment of the respondent instead. In the following we use BMI
measured at wave 2 and treated as a continuous variable.
Analysis
Measurement of disability
Disability is a complex and challenging process to study, especially when it develops over
years or decades [95]. Researchers who study disability have adopted different approaches
to examine steps along the pathway to disability. These include: (a) disentangling the
different disability dimensions such as functional limitations and activity and participation
restrictions following a hierarchical order. This approach has been efficient to explaine
contrasted trends: for instance the increase in the years lived with functional limitations
did not systematically translate into an increase in the years of activity restrictions [23]. (b)
Identifying categories of disability based on its severity rather than its dimension [28, 43].
This implies considering disability as a continuum -rather than a hierarchical process- that,
ideally, taps full ranges of ability [51], and low and high levels can be distinguished [28].
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Each approach addresses a different question. For the purposes of our study, we chose
the second, and arguably more parsimonious approach, and adopted the same process as
a previous work [43] set in England, which measured disability according to the ICF using
ELSA to identify the optimal number of disability classes among the older population.
The study found that the best classification consisted of four classes (“non-disability”,
“mild disability”, “moderate disability” and “severe disability”), such that each grade of
disability was significantly different from the “non-disability” group in the association with
health and mortality observed over a 10-year period; and each level presented a specific
profile in impairment, activity limitations and participation restrictions (see figure 7.3 in
the Supporting Information to research Paper IV). To replicate this result in our setting,
we used Latent Class Analysis (LCA) to estimate four classes of disability at each of the
6 follow-up waves. For binary items and a categorical latent variable C with four classes
(k = 1, . . . 4), the marginal probability of observing item uj (with j = 1, 2 . . ., 42) being
equal to one is
Pr(uj = 1) =
∑4
k=1
Pr(C = k)Pr(uj = 1|C = k) (7.1)
Where the second part of Eq. 7.1, Pr(uj = 1|C = k), denotes the conditional probabil-
ity of the item being equal to one given that the class is equal to k and Pr(C=k) is the
marginal probability of the class being k. The model was fitted at each wave, for both the
cross-sectional and longitudinal samples, separately for men and women.
Disability-free life expectancy
DFLE was estimated using the Sullivan method. The Sullivan method employs a relatively
simple modification of the conventional life table model to compute the expected duration
of certain defined conditions of interest among the living population [72]. The health ex-
pectancy component reflects the current health of a real population adjusted for mortality
levels independent of age structure. Sullivan’s method relies on the assumption that a spe-
cific cohort observed at a certain age in a given year will be experiencing the same disability
prevalence rates observed among the other age groups (i.e. other cohorts) in the same year.
This is an extra stationarity assumption of the population, in addition to the three station-
arity assumptions inherited from the period life table (i.e. the age-specific hazard rate is
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constant over time, the birth rate is constant over time and the net migration rates are 0
at all ages) which are also assumed in the Sullivan methods [96]. Problems of under- or
overestimation may occur when disability prevalence changes over time, although several
studies demonstrated that Sullivan’s method can be extended to estimate health expectancy
without stationarity assumptions [96, 97]. To assess the plausibility of the stationarity as-
sumption on disability, we estimated disability at each wave in order to check whether the
age-specific disability prevalence were stable across waves, although this implicitly requires
strong as well as untestable assumptions about the occurrence or non-occurrence of health
or disability transitions between assessment times. When disability data are collected at
long intervals, it is likely that aspects of the underlying disablement process are undetected
[98, 99].
DFLE was estimated for each disability class, i.e. mild DFLE, moderate DFLE and
severe DFLE. The prevalence of mild, moderate and severe disability was estimated in or-
der to be mutually exclusive rather than cumulative, consequently disability-free years and
years with disability sum up to TLE separately for each level of disability. For each class
of disability, we also report the ratio of DFLE over TLE and express them as proportions.
Finally, given that the Sullivan health expectancy is subject to random variation, 95% confi-
dence intervals were calculated from the standard errors of the probability of each disability
class [100].
Years lost due to disability
DFLE is an aggregate measure and as such it is not possible to model it in terms of indi-
vidual level variables. To overcome this problem, we complement this SMPH with a similar
indicator that can be measured both at individual or population level: YLD. YLD is one
of the components used to compute Disability-Adjusted Life Years (DALY). DALYs are
the sum of two time-specific dimensions: the present value of future years of lifetime lost
through premature mortality, called Years of Life Lost (YLL), and the present value of years
of future lifetime adjusted for the average severity (frequency and intensity) of any mental
or physical disability caused by a disease or injury, which corresponds to YLD [101].
Dealing with a non-extinct longitudinal cohort study, estimating DALY (and YLD)
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requires assumptions relating to the censoring pattern, which was assumed to be non-
informative because the reason for censoring was the end of time of observation, which is
unrelated with the outcome of interest.
Generally, on an individual basis and for each gender, the basic formula for calculating
YLD is:
Y LD(a, c) = DWc ∗ Lc,a
Such that YLD is a function of age (a) and type of condition (c) that in this case corresponds
to disability class. DWc is the disability weight for disability class c, it is a weight factor that
reflects the severity of the disease on a scale from zero (perfect health) to one (equivalent
to death); Lc,a is the duration of disability c from age a until remission or death [102].
Further details on the computation of YLD are available in the Supporting Onformation to
Research Paper IV.
We measured YLD at waves 2 and 6 and then used these individual estimates of YLD
to investigate whether their variation from 2004 to 2012 could be explained in terms of
changes in BMI in 2004, controlling for year of birth. We used wave 2 instead of wave 1
as starting point because BMI was measured only during nurse visits. To examine this, at
waves 2 and 6, we first predicted YLD regressing it against the age of the participant at
the time of each interview, and retained the residuals. Then, we modelled the difference
between the age-adjusted residuals of YLD estimated in 2012 and 2004, separately in men
and women, and regress them linearly on year of birth, BMI and their interaction. Because
of the age-adjustment, the significance of the regressor year of birth is sufficient to test the
compression (or expansion) of disability [103]. It does not allow though to establish whether
the effect is a cohort or period effect [104].
7.2.4 Results
Disability distribution across waves
Tables 7.1 and 7.2 illustrate, respectively for men and women, the distribution of disability
classes at wave 1 and wave 6 for cross-sectional and longitudinal samples, without stan-
dardising for age. At wave 1, around 37% of women and 46% of men were classified as
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non-disabled and the most severe form of disability affected 12% of women and 9.5% of
men. At wave 6, in the cross-sectional sample the percentages of respondents belonging
to non-disabled group were larger than at wave 1 for women and smaller for men. When
compared to proportions obtained from the longitudinal sample, cross-sectional percentages
of non-disabled at wave 6 were larger both for males and females. This was most likely be-
cause of confounding by age, with members of the longitudinal sample older than members
of the cross-sectional sample. Disability classes were also estimated at intermediate waves,
both for longitudinal and cross-sectional samples (table 7.9 in the Supporting Information
to Research Paper IV). Cross-sectional proportions did not differ remarkably across waves,
but overall the percentages of respondents belonging to non-disabled group increased with
time and the proportions of respondents belonging to the most severely disabled group were
slightly higher in the first wave, both for men and women. For longitudinal samples, we
did not observe an increase in proportions of non-disabled at later waves, instead they were
constant for women and slightly declining for men.
Table 7.1: Disability classes in cross-sectional and longitudinal samples, waves 1 and 6,
men
Disability
level
Wave 1 Wave 6
Cross-
sect.=Long.
Cross-
sect.
Long.
n % n % n %
Non-disabled 2070 46.4 1529 45.9 875 43
Low disabled 1138 25.5 815 24.5 500 24.6
Mildly disabled 831 18.6 670 20.1 455 22.3
Severely disabled 423 9.5 320 9.6 207 10.2
Total 4,462 100 3,334 100 2037 100
Disability-free life expectancy
In this section, we compare DFLE in 2002 and 2012, and estimates based on cross-sectional
and longitudinal samples. Since the longitudinal sample consisted on a subsample of sur-
vivors interviewed at wave 1 and followed up to the sixth wave, we expected longitudinal
estimates of DFLE to be higher (i.e. more years without disability) compared to cross-
sectional ones. For each class of disability, we report the number of expected years without
and with disability (DFLE and Disability Life Expectancy (DLE) respectively), and pro-
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Table 7.2: Disability classes in cross-sectional and longitudinal samples waves 1 and 6,
women
Disability
level
Wave 1 Wave 6
Cross-
sect=Long.
Cross-
sect.
Long.
n % n % n %
Non-disabled 1931 36.7 1653 39.6 924 36
Low disabled 1266 24 1030 24.7 639 24.9
Mildly disabled 1439 27.3 1040 24.9 721 28.1
Severely disabled 633 12 450 10.8 281 11
Total 5,269 100 4,173 100 2,565 100
portional results for DFLE over TLE. DFLE is presented by gender in tables 7.3 and 7.4
for both longitudinal and cross-sectional samples. DLE, which represents the absolute gap
between DFLE and TLE, and proportional DFLE are shown in tables 7.5 and 7.6 only for
the cross-sectional sample, and available in the Supporting Information to Research Paper
IV for the longitudinal sample (tables 7.10).
Tables 7.3 and 7.4 show, respectively for men and women, TLE in 2002 and 2012
and expected years of life spent free of each level of disability (i.e. mild DFLE, moderate
DFLE, severe DFLE) in 2002 and 2012. Cross-sectional and longitudinal samples coincided
at wave 1 and therefore estimates of DFLE were the same in 2002. In 2012 estimates of
DFLE for the longitudinal sample were available only from age 60, being the youngest
respondents at wave 1 (i.e. ten years before) aged 50. In both samples, from 2002 to 2012
the expected number of years spent without any level of disability has increased, for both
men and women. For example, a woman aged 50-54 in 2002 could expect to live 32.5 years,
of which 28 years without severe disability, 23.1 years without moderate disability and 25
years without mild disability. In 2012 life expectancy of women aged 50-54 raised to 34.6
years and 30.3 years of those were expected without severe disability, and 25.5 years and
26.4 years without moderate and mild disability, respectively.
The longitudinal estimates of DFLE in 2012 presented slightly more years of life ex-
pectancy without severe and moderate disability compared to the corresponding cross-
sectional estimates. Therefore in the longitudinal sample the increase in DFLE from 2002
to 2012 was larger, but not noticeably. This was in line with expectations, because the
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longitudinal sample was composed of selected healthier individuals that did not die during
the follow up.
Estimates of DFLE at wave one and wave six for the cross-sectional sample were
also replicated using attrition weights for wave 6. Results were substantially similar to
unweighted estimates, and are available in the Supporting Information to Research Paper
IV (tables 7.15 and 7.16).
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Tables 7.5 and 7.6 present complementary data to tables 7.3 and 7.4 for the cross-
sectional sample, by level of disability, for men and women respectively. Years lived with
each level of disability are reported by gender in 2002 and 2012, and the difference between
the two periods (∆DLE = DLE2012−DLE2002) corresponds to absolute compression if neg-
ative (i.e. fewer expected years with disability in 2012 compared to 2002), and absolute ex-
pansion if positive. Proportions of DFLE on TLE in 2002 and 2012 are also reported, along
with their difference (i.e. ∆%DFLE = (DFLE2012/TLE2012) − (DFLE2002/TLE2002)).
Opposite to the differences in absolute values, the differences in proportional DFLE corre-
spond to proportional compression in case of positive values (i.e. proportion of life without
disability larger in 2012 compared to 2002) and to expansion for negative values.
Among men, years of life with severe disability (top of table 7.5) have slightly increased,
and symmetrically proportions of severe DFLE have declined only marginally, especially
at younger ages. Life expectancy with moderate disability (middle table) has increased
in absolute terms and declined as proportion of TLE; life expectancy with mild disability
(bottom table) has increased in absolute terms (i.e. positive difference in DLE between 2012
and 2002), but its proportion on TLE has declined (i.e. positive difference in DFLE over
TLE between 2012 and 2002). In general, however, absolute and proportional differences
between 2002 and 2012 were small and confidence intervals overlapped. Among women
the number of expected years with severe disability (top of table 7.6) has slightly declined
in 2012, but only by about 0.3 years, and the proportion of severe DFLE has increased.
The opposite was observed for mild DLE (bottom table), which has increased in absolute
terms and as proportion of TLE (i.e. smaller proportion of life expectancy without mild
disability). For moderate disability (middle table), changes varied across ages, with reduced
years in disability and larger proportion of life free of disability at younger ages, and the
opposite observed at older ages. As for men, overall, variations were quite small and in
most cases, the confidence intervals overlapped.
All combined, these results pointed at identifying a dynamic equilibrium for women,
while men experienced a worse pattern than females, because their years with any level
of disability increased, although only slightly, and proportions of life without disability
increased only for mild disability.
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A final remark pertains to the fact that patterns in proportions of DFLE appeared to
have a break al older ages in some cases: among women the proportion of life expectancy
with moderate disability in 2012 compared to 2002 has decreased until age 70-74, but it has
increased after the age of 75 compared to 2002; among men, the proportion of severe DFLE
on TLE has increased, while the proportion of moderate DFLE has declined noticeably at
ages older than 70 years.
Years lost due to disability
Lastly, we tried to interpret our findings and understand whether there is an effect of year of
birth and BMI. Table 7.7 reports the results of the gender-specific linear regressions where
the outcome consists in the difference between age-adjusted residuals of YLD at wave 6
and wave 2, and the exposures are sequentially, year of birth, BMI measured at wave 2,
and their interaction. Positive values of the outcome correspond to year increases in age-
adjusted YLD, i.e. YLD at wave 6 larger than YLD at wave 2; conversely, negative values
correspond to a reduction in age-adjusted YLD at wave 6 compared with wave 2. There
was no statistical evidence of a quadratic effect of BMI (p=0.89), and so it was treated
linearly. When only year of birth was included in the model (column 1), it appeared to
have a positive effect for men, such that for 1-year increase in year of birth the difference in
YLD residuals increased by 0.04, meaning that younger cohorts experienced larger increase
in YLD (i.e. more years lost to disability) than older cohorts. No year of birth effect
was found for women. BMI was not significantly associated with the outcome either when
controlling (column 3) or not controlling (column 2) for year of birth. This was seen for
both men and women. The most interesting results are those in column 4. In this model
an interaction term between continuous BMI and continuous year of birth was added and it
was found to be significant (p=0.023 and 0.016, respectively for men and women). Results
are explained graphically in figures 7.1 and 7.2. The graphs report the association between
the outcome and one of the exposures (BMI in figure 7.1 and year of birth in figure 7.2)
holding constant the other variable in the interaction term (year of birth in figure 7.1 and
BMI in figure 7.2) at pre-selected values. Figure 7.1 highlights how the direction of the
association between BMI and the age-adjusted difference in YLD changed across cohorts
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Table 7.5: TLE and disability-related life expectancy measures for absolute and
proportional changes, men
Age
TLE Severe-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEb
2002 2012 2002 2012
50 28.9 31.7 2.8 3.0 3.3 0.3 89.7 89.6 -0.1
(2.7; 3.2) (2.9; 3.6) (-0.3;0.9) (87.6; 91.8) (85.6; 93.6) (-2.2;2)
55 24.5 27.2 2.7 2.8 3.1 0.3 88.7 88.7 0
(2.5; 3) (2.7; 3.4) (-0.3;0.9) (86.6; 90.8) (85.9; 91.5) (-2.3;2.3)
60 20.3 23.0 2.7 2.5 2.8 0.3 87.6 87.7 0.1
(2.3; 2.8) (2.5; 3.2) (-0.3;0.9) (85.2; 90) (85.2; 90.2) (-2.6;2.8)
65 16.5 19.0 2.5 2.1 2.7 0.6 87.1 85.9 -1.2
(1.9; 2.4) (2.3; 3) (0;1.2) (84.6; 89.6) (83.3; 88.5) (-4.5;2.1)
70 13.0 15.2 2.2 1.9 2.5 0.6 85.5 83.6 -1.9
(1.6; 2.1) (2.2; 2.8) (0;1.2) (82.6; 88.4) (80.4; 86.8) (-6.1;2.3)
75 10.0 11.9 1.9 1.8 2.2 0.4 81.5 81.2 -0.3
(1.6; 2.1) (1.9; 2.6) (-0.2;1) (77.7; 85.3) (77.5; 84.9) (-6.1;5.5)
80 7.7 9.0 1.3 1.8 2.1 0.3 76.4 77.3 0.9
(1.5; 2.1) (1.7; 2.5) (-0.4;1) (72.1; 80.7) (72.9; 81.7) (-7.9;9.7)
Age
TLE Moderate-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEa
2002 2012 2002 2012
50 28.9 31.7 2.8 5.6 6.4 0.8 80.5 79.9 -0.6
(5.3; 6) (5.9; 6.8) (0;1.6) (77.8; 83.2) (74.6; 85.2) (-3.2;2)
55 24.5 27.2 2.7 5.2 6.0 0.8 78.6 78 -0.6
(4.9; 5.6) (5.6; 6.4) (0;1.6) (75.9; 81.3) (74.4; 81.6) (-3.5;2.3)
60 20.3 23.0 2.7 4.8 5.5 0.7 76.5 75.9 -0.6
(4.4; 5.1) (5.1; 5.9) (0;1.4) (73.4; 79.6) (72.6; 79.2) (-4;2.8)
65 16.5 19.0 2.5 4.2 5.0 0.8 74.3 73.7 -0.6
(3.9; 4.6) (4.6; 5.4) (0.1;1.5) (71.1; 77.5) (70.4; 77) (-4.7;3.5)
70 13.0 15.2 2.2 3.6 4.3 0.7 72 71.5 -0.5
(3.3; 4) (3.9; 4.7) (0;1.4) (68.3; 75.7) (67.6; 75.4) (-5.6;4.6)
75 10.0 11.9 1.9 2.9 3.6 0.7 71.4 69.5 -1.9
(2.5; 3.2) (3.2; 4) (0;1.4) (67; 75.8) (65.2; 73.8) (-8.6;4.8)
80 7.7 9.0 1.3 2.3 3.0 0.7 69.8 66.5 -3.3
(2; 2.7) (2.6; 3.5) (-0.1;1.5) (65.1; 74.5) (61.5; 71.5) (-13;6.4)
Age
TLE Mild-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEb
2002 2012 2002 2012
50 28.9 31.7 2.8 7.3 7.8 0.5 74.8 75.5 0.7
(6.9; 7.6) (7.2; 8.3) (-0.4;1.4) (71.8; 77.8) (69.8; 81.2) (-2.2;3.6)
55 24.5 27.2 2.7 6.0 6.3 0.3 75.4 76.8 1.4
(5.7; 6.4) (5.9; 6.7) (-0.5;1.1) (72.6; 78.2) (73.1; 80.5) (-1.5;4.3)
60 20.3 23.0 2.7 4.9 5.3 0.4 76 76.9 0.9
(4.5; 5.2) (4.9; 5.7) (-0.3;1.1) (72.8; 79.2) (73.6; 80.2) (-2.4;4.2)
65 16.5 19.0 2.5 4.0 4.3 0.3 75.9 77.5 1.6
(3.7; 4.3) (3.9; 4.6) (-0.4;1) (72.7; 79.1) (74.4; 80.6) (-2.2;5.4)
70 13.0 15.2 2.2 3.1 3.2 0.1 76.5 79.2 2.7
(2.8; 3.3) (2.8; 3.5) (-0.5;0.7) (73; 80) (75.7; 82.7) (-1.9;7.3)
75 10.0 11.9 1.9 2.2 2.5 0.3 78.1 78.7 0.6
(1.9; 2.5) (2.2; 2.9) (-0.3;0.9) (74.1; 82.1) (74.8; 82.6) (-5.3;6.5)
80 7.7 9.0 1.3 1.6 1.6 0 78.5 82.2 3.7
(1.3; 2) (1.2; 2) (-0.7;0.7) (74.3; 82.7) (78.2; 86.2) (-4.5;11.9)
a ∆DLE = DLE2012 −DLE2002
b ∆%DFLE = (DFLE2012/TLE2012)− (DFLE2002/TLE2002)
95% confidence intervals in brackets ()
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Table 7.6: TLE and disability-related life expectancy measures for absolute and
proportional changes, women
Age
TLE Severe-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEb
2002 2012 2002 2012
50 32.5 34.6 2.1 4.5 4.2 -0.3 86.1 87.7 1.6
(4.2; 4.8) (3.8; 4.6) (-1;0.4) (83.9; 88.3) (83.8; 91.6) (-0.5;3.7)
55 28 30 2 4.3 4.1 -0.2 84.5 86.4 1.9
(4; 4.7) (3.7; 4.4) (-0.9;0.5) (82.3; 86.7) (83.8; 89) (-0.5;4.3)
60 23.6 25.5 1.9 4 3.7 -0.3 83.1 85.4 2.3
(3.7; 4.3) (3.4; 4.1) (-1;0.4) (80.5; 85.7) (83; 87.8) (-0.5;5.1)
65 19.4 21.2 1.8 3.7 3.5 -0.2 80.9 83.7 2.8
(3.4; 4) (3.1; 3.8) (-0.9;0.5) (78.2; 83.6) (81.2; 86.2) (-0.5;6.1)
70 15.5 17.1 1.6 3.4 3.2 -0.2 78 81.4 3.4
(3.1; 3.7) (2.8; 3.6) (-0.9;0.5) (74.8; 81.2) (78.3; 84.5) (-0.8;7.6)
75 12 13.4 1.4 3 2.9 -0.1 74.9 78.1 3.2
(2.7; 3.3) (2.6; 3.3) (-0.8;0.6) (71; 78.8) (74.6; 81.6) (-2.3;8.7)
80 9 10 1 2.7 2.7 0 69.6 73.1 3.5
(2.4; 3.1) (2.3; 3.1) (-0.8;0.8) (65.8; 73.4) (69; 77.2) (-4.4;11.4)
Age
TLE Moderate-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEb
2002 2012 2002 2012
50 32.5 34.6 2.1 9.4 9.1 -0.3 71 73.7 2.7
(9; 9.9) (8.6; 9.6) (-1.2;0.6) (68.2; 73.8) (68.5; 78.9) (0;5.4)
55 28 30 2 8.7 8.5 -0.2 68.9 71.7 2.8
(8.3; 9.1) (8; 8.9) (-1.1;0.7) (66.1; 71.7) (68.3; 75.1) (-0.2;5.8)
60 23.6 25.5 1.9 7.8 7.9 0.1 66.9 69.1 2.2
(7.4; 8.2) (7.4; 8.3) (-0.7;0.9) (63.6; 70.2) (65.9; 72.3) (-1.2;5.6)
65 19.4 21.2 1.8 6.9 7.1 0.2 64.6 66.4 1.8
(6.5; 7.2) (6.7; 7.6) (-0.6;1) (61.3; 67.9) (63.2; 69.6) (-2.2;5.8)
70 15.5 17.1 1.6 5.9 6.3 0.4 61.7 63.4 1.7
(5.6; 6.3) (5.8; 6.7) (-0.4;1.2) (58; 65.4) (59.6; 67.2) (-3.2;6.6)
75 12 13.4 1.4 4.7 5.4 0.7 61 59.7 -1.3
(4.3; 5) (5; 5.8) (-0.1;1.5) (56.6; 65.4) (55.5; 63.9) (-7.6;5)
80 9 10 1 3.5 4.3 0.8 61.3 56.7 -4.6
(3.1; 3.9) (3.9; 4.8) (0;1.6) (57.2; 65.4) (52.1; 61.3) (-13.2;4)
Age
TLE Mild-disability LE
2002 2012 ∆TLE
DLE
∆DLEa
DFLE/TLE
∆%DFLEb
2002 2012 2002 2012
50 32.5 34.6 2.1 7.5 8.2 0.7 76.9 76.3 -0.6
(7.1; 7.9) (7.7; 8.7) (-0.2;1.6) (74.3; 79.5) (71.2; 81.4) (-3.1;1.9)
55 28 30 2 6.1 7 0.9 78.1 76.7 -1.4
(5.8; 6.5) (6.6; 7.4) (0.1;1.7) (75.6; 80.6) (73.5; 79.9) (-4;1.2)
60 23.6 25.5 1.9 4.9 5.7 0.8 79.2 77.6 -1.6
(4.6; 5.2) (5.3; 6.1) (0.1;1.5) (76.3; 82.1) (74.8; 80.4) (-4.5;1.3)
65 19.4 21.2 1.8 3.8 4.6 0.8 80.4 78.2 -2.2
(3.5; 4.1) (4.3; 5) (0.1;1.5) (77.6; 83.2) (75.4; 81) (-5.5;1.1)
70 15.5 17.1 1.6 2.8 3.5 0.7 81.9 79.4 -2.5
(2.5; 3.1) (3.2; 3.9) (0.1;1.3) (79; 84.8) (76.2; 82.6) (-6.4;1.4)
75 12 13.4 1.4 2.2 2.5 0.3 81.8 81.4 -0.4
(1.9; 2.5) (2.2; 2.8) (-0.3;0.9) (78.3; 85.3) (78.1; 84.7) (-5.3;4.5)
80 9 10 1 1.6 1.6 0 82.7 84.6 1.9
(1.3; 1.8) (1.2; 1.9) (-0.6;0.6) (79.5; 85.9) (81.3; 87.9) (-4.6;8.4)
a ∆DLE = DLE2012 −DLE2002
b ∆%DFLE = (DFLE2012/TLE2012)− (DFLE2002/TLE2002)
95% confidence intervals in brackets ()
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for both men and women, with the older cohort groups (born in 1915, 1925 and 1935)
experiencing fewer years lost with increasing BMI, i.e. a protective effect of BMI (negative
slopes), whilst increasing BMI appears to be detrimental for those born in 1955. Looking
at the effect of year of birth moderated by BMI (figure 7.2), we find that year of birth was
positively associated with the outcome for respondents classified as obese at wave 2, not
correlated for those overweight and negatively associated for those who were normal-weight.
Again, results were similar for women and men.
In synthesis, we observed an effect of year of birth only for men (column 1). This is
in line with the increase in disability observed in their absolute and proportional DFLE.
Then, when we included an interaction between year of birth and BMI, the fact that the
coefficient was significant and positive means that (i) a year increase in year of birth makes
the effect of BMI on the outcome larger: YLD increases with higher level of BMI, more
strongly the younger the respondent is; (ii) a unit increase in BMI makes the effect of year
of birth on the outcome larger: YLD increases with year of birth, more strongly the higher
the BMI is.
The analysis was also replicated using attrition weights for wave 6 and results are
available in the Supporting Information to Research Paper IV (table 7.17).
Table 7.7: Estimated coefficients from linear regression models of the difference between
age-adjusted YLD residuals at wave 6 and wave 2 (ˆ6 − ˆ2) (in years)
(1) (2) (3) (4)
Men Women Men Women Men Women Men Women
Year of birtha 0.0308** 0.0133 0.0297** 0.0143 0.0307** 0.0163
(0.0127) (0.0128) (0.0131) (0.0133) (0.0131) (0.0134)
BMIa 0.0183 -0.0131 0.0153 -0.0136 0.0113 -0.0152
(0.0256) (0.0206) (0.0256) (0.0206) (0.0256) (0.0206)
BMI*yob 0.0077** 0.0065**
(0.0034) (0.0027)
Constant 1,708 2,172 1,556 1,997 1,556 1,997 1,556 1,997
a Both variables were centred.
Standard errors in brackets; ∗p < 0.1; ∗ ∗ p < 0.05; ∗ ∗ ∗p < 0.01; yob=year of birth
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Figure 7.1: Observed and predicted association between BMI and age-adjusted YLD
difference, moderated by year of birth, by gender
Figure 7.2: Observed and predicted association between year of birth and age-adjusted
YLD difference, moderated by BMI, by gender
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7.2.5 Discussion
Synthesis of findings
Our study adopted a comprehensive interpretation of disability which was derived from the
WHO’s ICF framework, and used a multi-categorical classification of disability that distin-
guished non-disabled from those with mild, moderate and severe forms of disability. We
used it to study trends in category-specific DFLE over the past decade. We also proposed
possible explanations for the observed changes in DFLE by changing the focus from the
aggregate level of health expectancy to an equivalent individual-level outcome, correspond-
ing to YLD. BMI and year of birth were explored as explanatory factors for changes in this
quantity from 2004 to 2012. In the following we discuss our results, first interpreting the
main findings in the light of the theories of population health change. Then we interpret the
exploratory analyses performed to assess possible causes and mechanisms behind changes
in DFLE. Finally, the implications and relevance of these findings for society and the health
system are highlighted.
Interpreting evidence within theories of population health change
Results were different for men and for women. While men experienced larger increases
in life expectancy than women -and the phenomenon of men catching up with female life
expectancy has been previously reported and recently confirmed in England and Wales [4]-
the increase in DFLE was very similar across genders. For men, severe DLE and severe
DFLE on TLE roughly stayed constant, while moderate DLE increased both in absolute
and proportional terms. Women experienced proportional and absolute decline of severe
DLE, while their mild DLE increased both in absolute and proportional terms. Results
were similar across most age groups, but not after around age 75 years, where the propor-
tion of moderate DFLE on TLE declined among both men and women and severe DLE
in women remained stable, while at younger ages years with severe disability declined, but
only slightly.
When we compared results of cross-sectional and longitudinal samples at wave 6 (tables
7.3 and 7.4), we found the same direction of changes and similar estimates. The longitudinal
sample performed slightly better than the cross-sectional respondents, with larger compres-
sion where the cross-sectional DFLE compressed and smaller expansion where it expanded.
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This would suggest that the subset of survivors, both males and females, that make up the
longitudinal study were healthier than the general sample and therefore, while surviving
over the entire observation period, they experienced less disability.
Putting our results into context, we contributed to support the evidence that women
are experiencing a compression of severe disability and expansion in milder levels, which
corresponds to a general dynamic equilibrium. This was in line with what observed over
the past two decades in the US [76], and in England [40]. The results of our work comple-
ment the study by Jagger et al. [40], and advance the understanding of current dynamics
of healthy ageing in England. In fact, Jagger and colleagues provided evidence on tra-
jectories in health expectancy considering separately various health indicators, including
disability that was measured by ADLs and IADLs, and showed different paths depending
on the dimension of health considered. This is extremely useful to address specific policies
and intervene on the spheres of health that appear particularly at risk of deterioration.
Given the complexity of the concept of disability, however it is often difficult to measure
it independently from other dimensions of health. Moreover, relying on self-reported mea-
sures, one of the threats is that self-reporting bias may affect different spheres of health in
different ways, and therefore the comparison of different domains may be biased as well.
Therefore, assessing and combining results based on different measures of disability (i.e.
ours and Jagger and colleagues’ measures) can bring further understanding on the process
of healthy ageing. Specifically, compared to Jagger and colleagues’ measures of disability,
our study used a broader interpretation and distinguished a more refined scale of severity,
including also moderate levels. Results suggest that the main burden of disability in future
years is likely to come from mild disability in women, and moderate disability in men. The
identification of an intermediate grade of disability appears informative, especially in the
comparison between men and women.
Another result which agrees with the existing literature, is that despite the improve-
ment in DFLE experienced by women and the worsening conditions of men, the so-called
“gender paradox in health and mortality” -according to which women live longer than men
but spend larger proportions of their life with disability [67, 68]- continued to apply: both
in 2002 and 2012 women had higher TLE than men and their proportion of DFLE over TLE
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was smaller. The gap however has shrunken, and if the direction of changes will remain
the same, men will catch up women by not only living longer, but also spending larger
proportions of their lives with disability.
With regard to gender differences in changes in health expectancy, a critical aspect
to bear in mind is that our estimates of DFLE are based on a disability measure that
also includes some health conditions. Therefore, differences in diagnosis of specific health
conditions between 2002 and 2012 might result in gender differences in disability measure.
For this reason, we undertook a sensitivity analysis removing health condition from disability
measure and found similar results to those produced including these items (tables 7.13 and
7.14 of the Supporting Information to Research Paper IV). This reassures that the influence
of these variables was only modest and the gender gap that we observed was not (only) due
to gender differences in prevalence and incidence of health condition over the past decade.
Explanations
Why did men do worse than women with regards to life expectancy with disability? Why
did trends differ across levels of disability? Why did the direction of change differ across age
groups? Before we describe findings relative to the last part of the analysis on interacting
roles of year of birth and BMI in explaining variations in age-adjusted YLD, we propose and
discuss possible answers to these questions. A possible interpretation to the worse trends
in DFLE experienced by men compared to women is that one of the consequences of living
longer lives is the possibility of living longer proportions of life in poor conditions (i.e. with
disability). If men are still in the process of catching up with women in terms of survival
pattern, it may be that their life expectancy is currently increasing because they are in the
process of no longer dying due to disability, but largely surviving disability and consequently
living longer with disability. This would explain the expansion of life expectancy with all
levels of disability in men. At the same time, women, who were already more resilient to
disability, may be experiencing a shift from severe forms of disability to milder conditions,
possibly because of the success of preventive and curative medicine. In a previous study
[42], disability at baseline was found to be positively predictive of mortality observed over
a decade with the association being stronger for men, especially in the very short terms
(i.e. within two years) while the effect of disability on mortality experienced by men was
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found to converge to women’s levels in the long term. This could mean that men become
more resilient to disability the longer they survive, and therefore their life expectancy with
disability is increasing relatively more than it does among women.
Moving away from pure speculations, we now focus on the last part of this work and
discuss the exploratory analyses we undertook. We replaced the aggregate outcome of
DFLE with the individual-level YLD and tried to assess whether changes in YLD between
waves 2 and 6 were associated with year of birth and BMI at wave 2, and whether the
two factors interacted with each other. The rationale behind the analysis came from the
finding of expansion of mild disability opposed by compression of severe disability among
women and therefore the consequent question of whether this was observed because severely
disabled women had moved to milder forms of disability or because there had been some
factors/mechanisms affecting different levels of disability in different ways. This consid-
eration was combined with recent evidence that younger cohorts tend to be heavier than
older cohorts [94], and therefore the two factors (i.e. year of birth and BMI) may interact.
While acknowledging that our findings on this are quite exploratory, they suggest an inter-
active role of year of birth and BMI in changes in YLD, such that high BMI is particularly
detrimental for younger generations. However, results were similar for men and women and
therefore were not of use to explain gender differences in the trends of DFLE.
Limitations and strengths
Some limitations affect this work and must be borne in mind when interpreting the results.
First of all, the cross-sectional data for 2002 does not include those in institutions whereas
the 2012 data to an extent does. To overcome this limitation, we performed a sensitiv-
ity analysis excluding institutionalised respondents from ELSA sample at wave 6. Results
based on this sample, available in the Supporting Information to Research Paper IV (tables
7.11 and 7.12), were the same as when participants in institutions were included. Therefore,
the ELSA samples selected for our analysis both at wave one and six are representative of
non-institutionalised population. Previous analyses have shown convergence in mortality
patterns between the ELSA sample and the general English population. The national ONS
mortality data used in this study reflects the total population and therefore includes indi-
viduals in institutions. The mortality rates for the very old age groups are therefore likely
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to be too high for the oldest ELSA respondents, especially for the cross-sectional sample
at wave 2. The second limitation, concerns BMI that was measured only at wave 2 and
no information on onset or duration of overweight and obesity was considered. Younger
cohorts have been found to become overweight much earlier in adulthood [94, 105] and
this might explain why being overweight or obese was associated with increase in YLD for
younger individuals. Another limitation comes from the fact that we dealt with non-extinct
cohorts, and therefore incurred problems of censoring, which was assumed non-informative,
and YLD was estimated based on very strong assumptions.
Our work has also some unique strengths. The identification of four levels of disabil-
ity (including non-disability) allowed to capture finer differences in the diverging paths of
DFLE between men and women. The generally agreed finding that severe forms of disabil-
ity are not increasing was confirmed in our study, in accordance with previous evidence for
England [40]. In this case, by identifying intermediate levels of disability we were able to
describe the expansion of milder grades a step further, showing that men have experienced
increasing level of moderate disability while women of milder forms. Another strength is
that this study replicated the cross-sectional analyses on the longitudinal sample, allowing
the comparison of results across two types of respondents, the former representative of the
general English population aged 50+, the latter of survivors and as such presenting different
probabilities of incurring disability. Therefore, it was not unexpected that the 2012 results
on the longitudinal sample were slightly better than those from the cross-sectional data
(expansion of disability was smaller and compression larger where observed). Nevertheless,
the estimates of disability prevalence and DFLE were overall similar across the two sam-
ples. This is quite reassuring as it seems to indicate that attrition bias does not affect our
measure of disability much, and thus the bias possibly introduced by the missing values
affecting the YLD analyses may be only modest. Finally, all sensitivity analyses presented
in the Supporting Information to Research Paper IV confirmed the results shown in the
paper, strengthening the robustness of findings.
Implications for public health provision
This study offers robust evidence on the features and directions of ageing in contemporary
England. Distinguishing mild, moderate and severe forms of disability allowed us to capture
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specific patterns otherwise masked by averaging different trends. Distinguishing severe and
moderate DLE levels, we were able to appreciate, for example, the decline of severe disabil-
ity in women, although it was modest. Results were interpreted considering proportional
changes along with absolute variations. All levels of disability life years have expanded,
with the exception of severe disability for women, which stayed the same. This means that
people with disability will need assistance for longer time and therefore the overall burden
of disability on health system and families will increase. This is a very important finding,
which would be ignored if focusing only on changes in DFLE in relative terms with changes
in TLE.
To conclude, at least two central messages must be taken from this work, which have
important implications for government as well as individuals, specifically for health service
providers and family carers, i.e. the subjects in charge of supporting people with disability
and incurring assistance costs. (i) It is helpful to distinguish between milder and more
severe levels of disability because their trends seem to be divergent. Intermediate disability,
on the other hand, appeared to behave fairly similarly to severe disability and therefore a
mild-moderate-severe classification is not as key as the mild-severe categorization, although
more informative. (ii) Although, this work did not show a causal effect, the evidence of a
modifying effect of BMI and year of birth can be taken as a warning for closely monitoring
BMI in younger generations and paying particular attention to avoiding an early onset of
overweight and obesity.
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7.3 Supporting Information to Research Paper IV
Years of life lost due to disability
Dealing with a non-extinct longitudinal cohort study, estimating DALY requires several
assumptions to deal with censoring, which was assumed to be non-informative. Our focus
was on the second dimension of DALY, YLD. Generally, for an individual who is in age
category a with disability class c the basic formula for calculating his/her Y LD is:
Y LD(a, c) = DWc ∗ La,c (7.2)
where DW c is the disability weight corresponding to class c and La,c is the number of
years expected with disability c when in age group a. Since disability classes were mutually
exclusive Y LD was not estimated as a sum of different disability conditions, but indepen-
dently for each disability level. The disability weights DWc range from zero, representing
perfect health, to one, representing death. They were determined at a meeting of experts
in international health; we adopted those proposed by Murray [106]. The L component
captures the duration of disability; its use required several assumptions. The first of these
assumptions is that disability status does not change for the remaining of an individual’s
life expectancy, from the time when Y LD is calculated, i.e. respectively from 2004 and from
2012. This could empirically be verified for the 2004 calculations, by monitoring whether
respondents remained in the same disability condition as measured in 2004/2005 throughout
the following waves, and therefore for a time span of eight years. An additional assumption
regarded the duration of disability before it was assessed during the survey. We assumed
that those answering “yes” to the question asked at wave 2 about having any long-standing
illness, disability or infirmity, had been in the disability state recorded at wave 2 for at least
two years before that interview, i.e. the time of the previous interview (wave 1). For Y LD
measured at wave 6, we proceeded in a similar way, assessing the duration of disability
before wave 6 by checking if respondents were in the same disability status of wave 6 in all
previous interviews, i.e. for 10 years.
Supporting tables and figures
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Table 7.8: SMRs by age, gender and period.
Women
Age
2003/2007 2008/2011
Obs.
deaths
Exp.
deaths
SMR 95% CI
Obs.
deaths
Exp.
deaths
SMR 95% CI
50-64 55 61 0.9 (0.69,1.17) 26 29.7 0.91 (0.62,1.33)
65-69 35 48.5 0.72 (0.52,1) 37 34.7 1.04 (0.75,1.44)
70-74 54 74.7 0.72 (0.55,0.94) 45 53.1 0.85 (0.63,1.13)
75-79 99 111 0.89 (0.73,1.09) 83 78.8 1.05 (0.85,1.31)
80-84 113 151.4 0.75 (0.62,0.9) 110 110.3 1.01 (0.84,1.21)
85+ 191 274.6 0.7 (0.6,0.8) 276 277.8 0.99 (0.88,1.11)
Total a 547 721.2 0.76 (0.73,0.86) 577 584.3 0.99 (0.91,1.07)
Men
Age
2003/2007 2008/2011
Obs.
deaths
Exp.
deaths
SMR 95% CI
Obs.
deaths
Exp.
deaths
SMR 95% CI
50-64 83 80.4 1.03 (0.83,1.28) 44 37.2 1.18 (0.88,1.59)
65-69 59 71.6 0.82 (0.64,1.06) 46 45.8 1.03 (0.77,1.37)
70-74 99 102.7 0.96 (0.79,1.17) 54 71.7 0.75 (0.58,0.98)
75-79 120 130.2 0.92 (0.77,1.1) 102 93.5 1.11 (0.92,1.35)
80-84 133 147.8 0.9 (0.76,1.07) 110 110.5 0.97 (0.8,1.17)
85+ 143 176.4 0.81 (0.69,0.95) 171 171.6 1 (0.86,1.16)
Total a 637 709.1 0.9 (0.83,0.97) 527 530.2 0.99 (0.91,1.08)
a Calculated without weighting the age-specific SMRs
CI=confidence interval
Results are those presented at Chapter Four (table 4.1), and are re-proposed here to make
Research Paper IV a standalone article.
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Figure 7.3: Probability of each disability item estimated in the 4-class model, by gender
Men
Women
Figures are those presented in Research Paper III. They are included here to facilitate the reading of the
Research Paper IV, conceived as a standalone article.
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Sensitivity analysis: removing respondents in institution at wave 6
At wave six, 9,169 core members were interviewed. Of these, 72 (0.79%) were living in
a residential care home or similar establishment and had an institutional interview. The
sample considered for the longitudinal analysis included 7,507 respondents and only five of
them were in institution at the time of the interview, two men and three women. Given
such a small proportion of respondents having an institutional interview at wave 6, the
ELSA sample including institutionalised individuals is almost coincident with the sample
in which these respondents are excluded. Tables 7.11 and 7.12 reports DFLE in 2012 for
each severity level based on the disability prevalence in the samples including and excluding
institutionalised individuals. As predicted, the expected years lived without any level of
disability were almost the same whether institutionalised were, or were not, included. When
observed, differences were negligible and life expectancies without severe forms of disability
were higher when disability prevalence was based on the sample excluding institutionalised
population.
Table 7.11: Life expectancy without disability in 2012 by age in cross-sectional samples,
including and excluding institutionalised respondents at wave 6. Men
Age
Severe DFLE Moderate DFLE Mild DFLE
(95% CI) (95% CI) (95% CI)
w institu-
tionalised
w/o institu-
tionalised
w institu-
tionalised
w/o institu-
tionalised
w institu-
tionalised
w/o institu-
tionalised
50 28.4 28.6 25.3 25.3 24.0 24.0
(28.1; 28.8) (28.2;28.9) (24.9; 25.8) (24.8;25.7) (23.4; 24.5) (23.5;24.5)
55 24.2 24.3 21.2 21.2 20.9 21.0
(23.8; 24.5) (24;24.6) (20.8; 21.7) (20.7;21.6) (20.5; 21.3) (20.6;21.4)
60 20.1 20.3 17.4 17.4 17.7 17.7
(19.8; 20.5) (20;20.6) (17; 17.9) (17;17.8) (17.3; 18.1) (17.3;18.1)
65 16.3 16.5 14.0 13.9 14.7 14.7
(16; 16.6) (16.1;16.8) (13.6; 14.4) (13.5;14.3) (14.3; 15.1) (14.4;15.1)
70 12.7 12.9 10.9 10.8 12 12.1
(12.4; 13) (12.6;13.2) (10.5; 11.3) (10.4;11.2) (11.7; 12.4) (11.7;12.4)
75 9.6 9.9 8.3 8.1 9.3 9.4
(9.3; 10) (9.5;10.2) (7.8; 8.7) (7.7;8.6) (9; 9.7) (9;9.7)
80 7.0 7.2 6.0 5.9 7.4 7.5
(6.6; 7.4) (6.9;7.6) (5.5; 6.4) (5.4;6.3) (7.1; 7.8) (7.1;7.8)
w=with; w/o=without
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Table 7.12: Life expectancy without disability in 2012 by age in cross-sectional samples,
including and excluding institutionalised respondents at wave 6. Women
Age
Severe DFLE Moderate DFLE Mild DFLE
(95% CI) (95% CI) (95% CI)
w institu-
tionalised
w/o institu-
tionalised
w institu-
tionalised
w/o institu-
tionalised
w institu-
tionalised
w/o institu-
tionalised
50 30.3 30.5 25.5 25.4 26.4 26.3
(29.9: 30.7) (30.1;30.9) (25: 26) (24.9;25.9) (25.9: 26.8) (25.8;26.8)
55 25.9 26.1 21.5 21.4 23.0 22.9
(25.5: 26.3) (25.7;26.5) (21: 21.9) (20.9;21.9) (22.6: 23.4) (22.5;23.4)
60 21.8 22.0 17.6 17.6 19.8 19.8
(21.4: 22.2) (21.7;22.4) (17.2: 18.1) (17.1;18) (19.4: 20.2) (19.4;20.1)
65 17.8 18.0 14.1 14.0 16.6 16.6
(17.4: 18.1) (17.6;18.3) (13.7: 14.5) (13.6;14.5) (16.2: 17) (16.2;16.9)
70 14.0 14.2 10.9 10.8 13.6 13.6
(13.6: 14.3) (13.8;14.6) (10.4: 11.3) (10.4;11.2) (13.3: 14) (13.2;13.9)
75 10.5 10.7 8.0 7.9 10.9 10.9
(10.1: 10.8) (10.3;11.1) (7.6: 8.4) (7.5;8.4) (10.6: 11.2) (10.5;11.2)
80 7.3 7.6 5.7 5.6 8.5 8.4
(6.9: 7.8) (7.2;8) (5.2: 6.2) (5.2;6.1) (8.2: 8.8) (8.1;8.8)
w=with; w/o=without
Sensitivity analysis: removing health conditions from disability measures
As discussed in Research Paper IV, the ICF measure of disability used in this work also
included some health conditions, which are known to affect men and women differently.
Previous sensitivity analysis [42] has shown that gender differences in disability were not
led by these conditions. However, when assessing changes over time, discrepancies between
men and women in the diagnosis of specific health conditions may have taken place and
this might result in gender differences in the disability measure driven only, or largely, by
this specific component of disability. To address this potential problem, disability was re-
estimated both at wave one and six removing health conditions (i.e. hypertension, arthritis,
dementia, Parkinson, psychological problems and depression) and changes in DFLE were
assessed in terms of the prevalence of this new measure of disability. Results are shown
in tables 7.13 and 7.14 for men and women respectively. Estimates of DFLE in 2002 and
2012, as well as their absolute and proportional changes, were similar to those presented
in tables 7.3 and 7.4 for the cross-sectional sample, where health conditions were included
to measure disability prevalence. This suggests that the influence of these variables in the
measurement of disability was only modest. Therefore, the changes in DFLE as presented in
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the paper were not due to differences in diagnosis of specific health conditions between 2002
and 2012 that affect men and women differently, but actual diverging patterns of disability
and mortality across the two sexes.
Table 7.13: Years of TLE and life expectancy without disability removing health
conditions from disability measures. Men
Age
TLE
Severe DFLE Moderate DFLE Mild DFLE
(95% CI) (95% CI) (95% CI)
2002 2012 2002 2012 2002 2012 2002 2012
50 28.9 31.7 25.9 28.6 23.3 25.3 21.6 23.9
(25.6;26.2) (28.2;28.9) (23;23.7) (24.9;25.8) (21.2;21.9) (23.4;24.4)
55 24.5 27.2 21.7 24.3 19.3 21.2 18.4 20.9
(21.5;22) (24;24.6) (19;19.6) (20.8;21.7) (18.1;18.8) (20.5;21.3)
60 20.3 23.0 17.8 20.3 15.6 17.4 15.4 17.6
(17.6;18.1) (19.9;20.6) (15.2;15.9) (17;17.8) (15.1;15.8) (17.2;18)
65 16.5 19.0 14.3 16.4 12.3 13.9 12.5 14.7
(14.1;14.6) (16.1;16.7) (12;12.6) (13.5;14.3) (12.2;12.8) (14.3;15)
70 13.0 15.2 11.1 12.8 9.4 10.8 10.0 12.0
(10.8;11.3) (12.5;13.1) (9.1;9.7) (10.4;11.2) (9.7;10.3) (11.7;12.4)
75 10.0 11.9 8.1 9.8 7.1 8.2 7.8 9.4
(7.9;8.4) (9.4;10.1) (6.8;7.5) (7.7;8.6) (7.6;8.1) (9;9.7)
80 7.7 9.0 5.8 7.1 5.4 5.9 6.0 7.4
(5.5;6.2) (6.7;7.5) (5;5.7) (5.4;6.3) (5.7;6.3) (7.1;7.8)
Table 7.14: Years of TLE and life expectancy without disability removing health
conditions from disability measures. Women
Age
TLE
Severe DFLE Moderate DFLE Mild DFLE
(95% CI) (95% CI) (95% CI)
2002 2012 2002 2012 2002 2012 2002 2012
50 32.5 34.6 28.3 30.3 23.6 25.5 24.6 26.3
(27.9;28.6) (30;30.7) (23.2;24) (25;26) (24.2;25) (25.8;26.8)
55 28.0 30.0 23.9 25.9 19.8 21.5 21.5 22.9
(23.6;24.2) (25.5;26.3) (19.4;20.2) (21.1;22) (21.2;21.9) (22.5;23.3)
60 23.6 25.5 19.8 21.8 16.2 17.7 18.4 19.7
(19.5;20.1) (21.5;22.2) (15.8;16.6) (17.3;18.2) (18;18.7) (19.3;20.1)
65 19.4 21.2 15.9 17.8 12.9 14.2 15.4 16.5
(15.5;16.2) (17.4;18.2) (12.5;13.3) (13.7;14.6) (15.1;15.7) (16.2;16.9)
70 15.5 17.1 12.2 14.0 9.9 10.9 12.5 13.6
(11.9;12.5) (13.6;14.4) (9.5;10.2) (10.5;11.4) (12.2;12.8) (13.2;13.9)
75 12.0 13.4 9.1 10.5 7.5 8.0 9.7 10.9
(8.7;9.4) (10.1;10.9) (7.1;7.9) (7.6;8.5) (9.4;10) (10.5;11.2)
80 9.0 10.0 6.4 7.4 5.6 5.7 7.4 8.4
(6;6.7) (7;7.8) (5.3;6) (5.3;6.2) (7.1;7.7) (8.1;8.8)
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Sensitivity analysis: incorporation of attrition weights for wave 6
As a robustness check, the analyses of Research Paper IV were replicated incorporating
attrition weights for wave 6. In particular, I estimated weighted prevalence of disability at
waves one and six and recalculated DFLE accordingly; and then the linear model in which
the dierence between age-adjusted YLD residuals at wave 6 and wave 2 was regressed on year
of birth, BMI and their interaction was replicated using attrition weights. Tables 7.15 and
7.16 show new estimates of DFLE based on weighted prevalence of disability, corresponding
to the unweighted estimates presented in tables 7.3 and 7.4 of Research Paper IV for the
cross-sectional sample. Weighted regression coefficients corresponding to those presented in
table 7.7 of Research Paper IV are shown below in table 7.17.
Table 7.15: Life expectancy without disability by age and gender for the cross-sectional
sample, using attrition weights for wave 6 to estimate disability prevalence. Men
Age
Severe-disability LE Moderate-disability LE Mild-disability LE
(95% CI) (95% CI) (95% CI)
2002 2012 2002 2012 2002 2012
cross-sectional cross-sectional cross-sectional
50 25.8 28.2 23.1 25.2 21.6 24
(25.5; 26.1) (27.8; 28.5) (22.7; 23.4) (24.8; 25.7) (21.2; 22) (23.4; 24.5)
55 21.6 23.9 19.1 21.2 18.5 21
(21.4; 21.9) (23.6; 24.2) (18.8; 19.4) (20.7; 21.5) (18.1; 18.8) (20.6; 21.4)
60 17.7 19.9 15.5 17.3 15.5 17.8
(17.5; 18) (19.5; 20.2) (15.1; 15.8) (16.9; 17.7) (15.1; 15.8) (17.4; 18.1)
65 14.3 16 12.2 13.9 12.5 14.8
(14.1; 14.6) (15.7; 16.4) (11.9; 12.5) (13.5; 14.3) (12.2; 12.8) (14.4; 15.2)
70 11.1 12.5 9.3 10.8 9.9 12.1
(10.8; 11.4) (12.1; 12.8) (9; 9.7) (10.4; 11.2) (9.6; 10.2) (11.8; 12.5)
75 8.2 9.5 7.2 8.2 7.8 9.4
(7.9; 8.4) (9.1; 9.8) (6.8; 7.5) (7.8; 8.6) (7.5; 8.1) (9.1; 9.8)
80 5.8 6.8 5.4 6 6 7.5
(5.5; 6.2) (6.4; 7.2) (5; 5.7) (5.5; 6.4) (5.7; 6.3) (7.1; 7.8)
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Table 7.16: Life expectancy without disability by age and gender for the cross-sectional
sample, using attrition weights for wave 6 to estimate disability prevalence. Women
Age
Severe-disability LE Moderate-disability LE Mild-disability LE
(95% CI) (95% CI) (95% CI)
2002 2012 2002 2012 2002 2012
cross-sectional cross-sectional cross-sectional
50 27.9 30.2 23 25.3 25 26.4
(27.6; 28.3) (29.8; 30.5) (22.6; 23.4) (24.8; 25.8) (24.6; 25.4) (25.9; 26.9)
55 23.6 25.7 19.3 21.3 21.8 23
(23.3; 23.9) (25.3; 26.1) (18.9; 19.7) (20.9; 21.8) (21.5; 22.2) (22.6: 23.4)
60 19.5 21.6 15.8 17.5 18.7 19.8
(19.2; 19.9) (21.3; 22) (15.4; 16.2) (17.1; 18) (18.3; 19) (19.5; 20.2)
65 15.7 17.6 12.6 14 15.6 16.7
(15.4; 16) (17.2; 18) (12.2; 12.9) (13.6; 14.4) (15.3; 15.9) (16.3; 17)
70 12.1 13.8 9.6 10.8 12.7 13.7
(11.8; 12.4) (13.4; 14.2) (9.2; 10) (10.4; 11.2) (12.4; 13) (13.3: 14)
75 9 10.3 7.3 7.9 9.8 11
(8.7; 9.3) (9.9; 10.7) (7; 7.7) (7.5; 8.4) (9.5; 10.1) (10.6; 11.3)
80 6.3 7.2 5.5 5.6 7.5 8.6
(6; 6.7) (6.8; 7.6) (5.2; 5.9) (5.2; 6.1) (7.2; 7.7) (8.3; 8.9)
Table 7.17: Estimated coecients from linear regression models of the dierence between
age-adjusted YLD residuals at wave 6 and wave 2 (eˆ6 − eˆ2) (in years), using attrition
weights for wave 6.
1 2 3 4
Men Women Men Women Men Women Men Women
Year of birth 0.0287** 0.0188 0.0280** 0.0204 0.0282** 0.0232*
-0.0129 -0.0122 -0.0133 -0.0126 -0.0133 -0.0126
bmi 0.0194 -0.0126 0.0162 -0.0139 0.0103 -0.0143
-0.0257 -0.0206 -0.0257 -0.0206 -0.0259 -0.0206
bmi*yob 0.00673** 0.00729***
-0.00343 -0.00246
Constant 1,708 2,172 1,556 1,997 1,556 1,997 1,556 1,997
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7.4 Conclusions
In Research Paper IV, I join to the debate on population health changes and provide new
evidence for the English setting over the past decade. The main contribution of the study
consists in (i) considering multiple grades of disability; (ii) focusing on both proportional and
absolute estimates of DFLE; (iii) exploring possible explanations for the observed changes
in DFLE, modelling a corresponding outcome measurable at the individual level, YLD. To
the best of my knowledge, this is the first time where health and mortality are combined
in an individual level outcome and interactions of year of birth with a predictor (BMI) are
estimated.
Results indicate a dynamic equilibrium of disability for women and expansion for men,
although variations were very small. Men experienced a worse pattern than women, with
increase in both mild and moderate disability, and severe disability roughly stayed stable.
Among women only mild disability has increased and severe disability decreased in propor-
tional terms. Evidence for an interactive role of year of birth and BMI on changes in YLD
was also found, whereby high BMI was particularly detrimental for younger generations.
The results of this study indicated how distinguishing mild, moderate and severe forms
of disability allows to capture specific patterns otherwise masked by averaging different
trends. A recommendation deriving from the findings of Research Paper IV is that it is
informative to distinguish milder and more severe levels of disability from moderate levels,
because their trends seem to be divergent. The other recommendation is to always consider
proportional changes in DFLE along with absolute changes, to fully understand the burden
of disability on society and public health care. Finally, the evidence of interacting effects
of BMI and year of birth on YLD can be taken as a warning for closely monitoring BMI in
younger generations.
Research Paper IV has been presented at the international conference “Giornate di Studio
sulla Popolazione 2017 - Population Days conference” in Florence in February 2017 and at
the “International Health Policy Conference” hosted by the London School of Economics
in London in February 2017. It has been accepted for oral presentation at the international
conference of the Population Association of America which will take place in April 2017.
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The slide of the most updated presentation are included in the appendix (figure 9.4).
Part III
Discussion
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Chapter 8
Discussion
The relevance of population ageing to the development of health policies has motivated the
direction taken by this thesis, as well as the urgency for understanding current and future
trends in health inequalities. Within this framework, I focused on features and recent trends
in survival rates in the English population aged 50 years and older and examined whether
there was evidence of gender differences in the impact of disability on mortality. A system-
atic literature review of studies analysing socioeconomic and demographic inequalities in
health expectancy among the older population has motivated and guided the direction of
this work, shaping the main research questions and hence the thesis objectives. The work
consists of two main bodies of research and is organised in three empirical research papers
and the abovementioned systematic review. The first part investigated the association of
disability with mortality, as empirically observed in England between 2002 and 2012, while
addressing the question of whether it differs between men and women. The second part
combined disability and mortality into a summary measure of population health and studied
the observed changes in this indicator over the last decade, again assessing whether there
is empirical evidence of differences between genders.
This chapter draws together the most important results from each contributing research
paper. Strengths and limitations of the methods and data used are then reviewed, with
avenues for future research discussed in the last section along with implications of these
findings for public health provision.
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8.1 Summary of findings of the thesis
This section synthesises the key findings of the four papers that constitute this thesis. These
findings are discussed more extensively within each paper, but are linked up here to gain
a general overview. They are presented according to the research objectives described in
Chapter One and corresponding research questions.
8.1.1 Objective 1
• What is known in literature about demographic and socioeconomic inequalities in health
expectancy? What is unknown and what is controversial?
To answer these questions, I performed a systematic literature review, focusing on the older
population. I found evidence of inequalities in health expectancy associated with several
factors, including gender, education, health-related behaviours, and race, in different coun-
tries including both high and low-middle income settings. All studies included in the review
confirmed the existence of a gender paradox in health and mortality, consisting in the find-
ing that women live longer than men but spend larger proportions of their life in poor
health and with disability. On the other hand, it emerged that there was a lack of stan-
dardization in the definition of health and disability, leading to measures of Healthy Life
Expectancy (HLE) and Disability-Free Life Expectancy (DFLE) based on inconsistent indi-
cators, which limits and prevents comparability of results across studies. Moreover, where
evidence of inequalities -of any sort- was found, hypotheses were suggested but without
empirical support.
8.1.2 Objective 2
• Is the WHO’s International Classification of Functioning Disability and Health (ICF)
a valid framework to capture disability among the older English population?
The choice of adopting the WHO’s ICF framework to measure disability was based on
the fact that it is currently the predominant framework for disability [63, 84, 107]. The
need of communicating research and speaking in a common language to depict the concept
of disability has urged to explore the validity of the ICF as a theoretical framework for
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accomplishing this goal. Although the ICF is quite good in differentiating concepts and
categories within its framework -but some concerns about the lack of a clear operational
differentiation between domains have been expressed [84, 95]-, it is not possible to rule out
entirely the arbitrariness implied in the measurement of disability based on this model.
This included the choice of the variables needed to capture each domain, their classification
across impairment, activity limitations and participation restrictions and the approach to
the modelling of disability.
The analyses performed in Research Paper II tested the ICF validity via a measurement
model which confirmed the applicability of the WHO’s ICF framework to capture disability
among the older population in England. The ICF terminology had already been integrated
specifically in a dataset targeted on older populations [108], but to the best of my knowledge,
a construct validation was never attempted before for a specific older population. The
applicability of the ICF framework to older populations and the fact that the three ICF
domains could be detected using the questions asked in the English Longitudinal Study of
Ageing (ELSA) represent the principal finding of research objective 2.
Some complementary and more specific aspects arose from the results produced in
Research Paper II. Fitting the disability model allowed the assessment of which items were
more important to capture each specific domain of disability and general disability. It
emerged that items pertaining to “activity limitations”, such as Activity of Daily Living
(ADL) or mobility functions, were all highly correlated with the activity specific factor
and the disability general factor. This suggests that these observed items are particularly
informative to represent not only “activity limitations”, but also general disability. ADLs
and mobility functions are in fact the variables most commonly used to measure disability in
the literature [79, 80, 81]. The systematic review indicated that of the 96 studies estimating
health expectancy included, 42 used ADLs as indicator of health or disability. Interpreting
disability only in terms of activity and mobility limitations, however, implies adopting a
specific approach to its conceptualization, different from the ICF’s idea that disability is an
overlay concept that refers to the whole disablement process. Measuring disability using
these variables, therefore, must be an aware decision based on the agreement upon a precise
theoretical model. Nevertheless, often surveys do not offer a set of disability-related items
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as broad as in ELSA, while ADLs are more commonly available. Therefore, although the
measurement of disability cannot purely depend on availability of items, it is important to
acknowledge the high relevance of ADLs and mobility functions in defining the disability
factor’s dimensionality found in this thesis.
8.1.3 Objective 3
• How did disability measured at baseline affect mortality over the course of ten years?
Along with objective 5, objective 3 is at the core of the general aim of this thesis.
The objective was to estimate the short and long term effect of disability, as measured
at the beginning of the study. While it is commonly accepted that disability affects mor-
tality, very little is known about this association over time (i.e. calendar time), and even
less whether this is characterised by gender differences. Surprisingly, the body of studies
investigating the relationship of disability with mortality is modest when it comes to older
populations. This has been examined in a few papers [109, 110], very few of which set in
the UK [111], and none using a multi-dimensional measure of disability.
In Research Paper II, I found evidence of a strong relationship between disability
at baseline (2002/2003) and mortality observed over the course of a decade. Adjusting for
demographic, socioeconomic and behavioural factors attenuated the association, but overall
the effects remained strong and statistically significant.
• Does the association of disability with mortality differ between men and women?
The second question within research objective 3 relates to gender differences in the rela-
tionship of disability and mortality. From the Discrete-Time Survival Analysis (DTSA)
performed in Research Paper II, it emerged that the significance of the association of dis-
ability with mortality held for men as well as for women, but disability at wave 1 was found
to have a time-varying effect among men, and a smaller and constant effect for women. In
particular, the effect among men was very strong in the short term and converged to the
level observed in women with increasing survival time.
These results confirmed the existence of the gender paradox in health and mortality
and helped to further understand it by showing that women spend a higher proportion of
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their life in disability because they survive longer with disability, suggesting that higher
prevalence among women may be a function of longer survivorship with disability rather
than higher incidence of disability.
The sensitivity analyses performed in Research Paper II also helped to explain why the
gender paradox may occur, and suggested that the observed differences in the association
between disability and mortality in men and women were not driven only by gender-specific
health conditions and body structures. This is in accordance with previous research that
maintains that gender differences in mortality are not only dependent on purely biological
factors, but also on psycho-social and behavioural aspects [112, 113]. This opens doors to
further investigation of different mechanisms that underlie the association between disability
and mortality and make women survive with disability better than men. I discuss it further
in section 8.4, proposing possible mechanisms to be investigated in future research.
8.1.4 Objective 4
• How can we optimally classify disability by severity level? Is a binary classification
informative enough or would a more refined measure be preferable for health evaluation?
In Research Paper III, I addressed these questions by applying sophisticated statistical
methods of analysis to identify a categorization of disability that was best supported by the
data, and then assessing it against its association with alternative specifications of disability,
as well as with various health outcomes. This offered an innovative approach in at least
two ways: (i) to the best of my knowledge, this was the first study attempting to identify
categories of disability based on empirical evidence, rather than upon a priori theoretical
classifications, for the English population; (ii) the usefulness and informativeness of multi-
categorical disability, compared to its binary classification, was assessed by relating the
alternative specifications of disability levels with health status and mortality.
The results indicated that the best classification of disability consisted of four classes,
according to two of the adopted criteria (i.e. the estimated probabilities of disability items
conditional on class membership and external validations based on the association of dis-
ability classes with health and mortality). Disability classes were labelled “non-disability”;
“mild disability”, which presented characteristics more similar to the “non-disability” group
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than the other disability levels, and differed from the “non-disability” class especially in the
impairment domain; “moderate disability”, which presented intermediate level of limitations
in the activity domain compared to the other groups, and was more similar to the “mild
disability” group in terms of participation restrictions and closer to the “severe disabil-
ity” group in the impairment domain; and “severe disability”, which presented the highest
limitations in all domains. Results also showed how binary categorizations of disability
-compared to each of the more refined scales of severity- masked the very strong effect of
severe disability because of their implicit averaging the burden of disability, and thus were
not informative on the impact of low levels of disability.
Identifying adequate grades of severity of disability is therefore fundamental in order
both to capture the impact on health and mortality of low disability, and equally to assess
the strong burden of severe disability, which are relevant for the successful planning and
implementation of health policies.
8.1.5 Objective 5
• How has DFLE changed from 2002 to 2012 in England?
As stated before, objective 5 specifies one of the core questions of this thesis. By assessing
whether DFLE has changed over the past decade, both in absolute and relative terms, I
intended to contribute to the debate on compression and expansion of disability. Overall,
I found that the expected years of life without any level of disability have increased, for
both men and women. However, the increase in number of years free of disability alone
did not permit to establish whether disability had compressed or not. When the finding
was interpreted in combination with results of changes in life expectancy, and assessed in
absolute and proportional terms, the conclusions of my study were different for men and
women, and depended on the level of disability. An exhaustive description of these findings
is contained in the results and discussion sessions of Research Paper IV, here I report the
most relevant results.
• Were changes in DFLE different between men and women? Were they different de-
pending on the level of disability?
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Briefly, women in England, overall, experienced greater improvements in DFLE than men,
with reduced expected years of life with severe and moderate disability, and increasing
expected years of life with mild disability, both in absolute and proportional terms. Men
experienced nearly the opposite during the same period. Specifically, their life expectancy
with moderate disability has increased, while years with severe disability remained stable,
indicating a dynamic equilibrium of their disability over the past decade. Trends appeared
to be quite stable across age groups for both genders. Only the older group (aged 75+
years) seemed to have experienced worse changes: for women aged 75 years and older
life expectancy with moderate disability increased both in absolute term and especially as
proportion of life expectancy; for men, the direction of changes was the same at all ages,
but the older old experienced a larger reduction in the proportion of life expectancy without
moderate disability compared to younger age groups.
8.1.6 Objective 6
• Are there any factors likely to affect differently younger and older cohorts that may
explain changes in DFLE observed over a decade?
The research question corresponding to objective 6 was addressed by focusing on the impact
of overweight and obesity (measured by Body Mass Index (BMI)) on Years Lost to Disability
(YLD). It was an exploratory part of the analyses performed in Research Paper IV, which,
as I will highlight later in this chapter requires further investigation, both to study in more
depth the effect of BMI on mortality and disability across older cohorts, and to consider
other behavioural or social factors likely to have changed in recent times, with their change
affecting younger and older generations to different extents.
BMI was specifically chosen as a risk factor of interest for a combination of two key
reasons: (1) overweight and obesity are known to be associated with higher risk of becoming
and remaining disabled, but have little or no effect on life expectancy [90, 91, 92, 93]; (2)
the prevalence of overweight or obesity varies across cohorts, and it has been found to be
greater among younger cohorts [94]. When studying changes in DFLE at a certain age in
different time periods, periods and cohorts are implicitly compared, and therefore the role
of a factor that affects cohorts differently and is known to be associated with disability is
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of particular interest. For this reason, the analyses adopted to address objective 6 focused
on an individual level outcomes (YLD), replacing DFLE, which is an aggregate measure, in
order to explore the role of individual BMI at baseline (which in this case was wave 2 because
data was collected during the nurse visit). The main finding showed an interaction between
BMI and year of birth, which pointed to the fact that BMI was found to be detrimental to
disability, especially for younger individuals.
8.2 Main contributions of the thesis
This dissertation contributes to the understanding of the relationship between disability
and mortality and how survival with and without disability has changed over the past
decade in England among individuals aged 50 years and older. This work also improves the
understanding of gender inequalities in disability and mortality.
Specific contributions were made to (1) research devoted to the conceptualization, mea-
surement and classification of disability; (2) the debate on the gender paradox in health and
mortality; (3) the debate on compression, expansion and dynamic equilibrium of disability
and mortality.
8.2.1 Conceptualization, measurement and classification of disability
What was previously known:
In the last half century, several schools of thought have defined disability and related con-
cepts. Among the most influential conceptual schemes there are the “Disablement Model”
proposed in 1965 by Nagi [52], the WHO’s International Classification of Impairments
Disabilities and Handicaps (ICIDH) issued in 1980 [53], and the “Disablement Process”
proposed in 1994 by Verbrugge and Jette [51]. These perspectives differ in their emphases
and applications, but share the same focus on the process of disablement and expand on
the medical model of disease, where only the characteristics of the individual -and not the
environment- are salient to disability and its prediction [114]. Along with the literature
on the conceptualization of disability, reviews aiming at drawing the link between differ-
ent models and measurement methods have been produced [115], and studies of disability
measurement and survey methodology issues figure prominently in the literature [61, 116].
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A great deal of methodological research has been conducted to tackle challenges related
to measuring disability. These include, for example, problems with the wording of the
questions, time period references for which disability has to be reported, administration of
surveys (see for example Freedman [117], Jette [118]), as recently presented in the Hand-
book of Aging and the Social Sciences. In chapter 4 of this handbook [61], the challenge of
coding survey data for use in studies of disability, and therefore of choosing between binary
or more refined measures is also acknowledged. The problems of categorizing disability
and the context-dependence of the classification have received remarkably less attention
compared to the problems of conceptualizing and measuring disability. Nevertheless, the
relevance of identifying meaningful classes of disability is clear. In the context of under-
standing the dynamics of successful (i.e. healthy) ageing, the importance of considering the
severity of conditions has been already acknowledged [20, 119], and recent studies [40, 76]
have confirmed that trends in health expectancy differs according to the severity of one’s
disability. However, while the importance of distinguishing multiple grades of disability to
understand the real burden of disability is becoming more established, there are very few
reports of optimal classification, or related guidelines on how to perform the classification.
What this thesis adds:
The contribution of this thesis to this strand of research consists in:
1. Promoting the use of the ICF, which offers a comprehensive interpretation of disability
encompassing both biological and social aspects of disability, for assessing disability
in the older population. Joining the debate among those supporting [63, 84, 107] or
critical [95] of the ICF as an appropriate framework to capture disability in the older
population, I produced evidence to justify and enforce its use as a common language to
delineate the concept of disability and implement its measurement. First, I showed via
a systematic review (Research Paper I) the lack of agreement over the measurement of
disability to estimate DFLE and remarked on the need for using a common measure
across studies. Then, in Research Paper II, I tested and confirmed the construct
validity of the WHO’s ICF framework of disability for individuals aged 50 years and
older living in England in the 2000s, using a set of variables available in the ELSA
(but also generally available in other similar surveys) and I offered evidence that those
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variables were suitable. The measurement model that I used provided a continuous
measure of disability, in line with Wolf [61]’s statement that “Continuous measures
of disability severity, possibly based on weighted counts or factor loading scores, would
have obvious utility in applied research, but few such disability scales appear to exist.”.
This continuous score was subsequently used as an independent variable to explore the
association of disability with mortality (Research Paper II), and then to derive a binary
indicator that was compared with the national statistics of disabled and non-disabled
population (Research Paper III).
2. The other contribution was probably also the most innovative, and consisted in iden-
tifying a severity gradient of disability distinguishing four classes (non-disability, mild,
moderate and severe disability), based on empirical evidence rather than a-priori classi-
fication (Research Paper III). The advantages of distinguishing milder and more severe
classes of disability were then evidenced in Research Paper IV, where DFLE was es-
timated for each severity level over a decade, and divergent patterns of changes were
observed depending on the severity of disability and between genders. Such differences
would have been ignored if considering only disabled and non-disabled individuals in
terms of a binary classification.
8.2.2 Explanation of gender inequalities in disability and mortality
What was previously known:
The gender paradox in health and mortality has been well documented since the 1970s
[67, 68], and has been mentioned repeatedly in this dissertation. The debate around why it
occurs is lively, and multiple causes have been considered to explain the mechanisms which
drive its occurrence. Poposed explanations include biological, social and psychological in-
terpretations [120]. Methodological issues such as selection and information bias descending
from gender differences in participation in surveys or reporting health problems have been
considered, but the contribution of such biases to the gender paradox is considered to be
small [121]. Gender inequalities in socioeconomic position and social support would explain
the gender paradox in that women, especially at older ages, tend to have a lower education
and socio-economic position and this may affect their health [122, 123, 124, 125]. Differences
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in health-related behaviours and lifestyle have also been explored [126], as well as gender
differences in disease profile, because men are known to suffer more than women from fatal
conditions, and women are more likely to be affected by non-lethal and disabling diseases
[47]. So far, however, there has not been a prevailing theory to justify why women live
longer than men but spend larger proportion of their life in poor health and with disability.
What this thesis adds:
This work contributes empirical evidence on the possible mechanisms leading men to live
shorter lives but in better health compared to women, by looking at gender differences in
the association between disability and mortality. A similar idea lied behind the work by
Van Oyen et al. [127] where an aggregate-level analysis was performed to evaluate gender
difference in Healthy Life Years (HLY) in Europe by estimating the contribution of women’s
mortality advantage versus women’s disability disadvantage. The results reported in this
thesis showed that women live longer with disability because disability has a smaller im-
pact on their mortality than on males’ mortality. The second contribution was to explore,
through a number of sensitivity analyses, the potential confounding role of physical con-
ditions, which are known to differ between men and women. Physical conditions (such as
hypertension, arthritis, dementia, Parkinson, psychological problems and depression) did
not seem to play a major role in confounding this association, and sensitivity analyses
showed that gender did not affect the measurement of disability. The finding that in men,
disability was strongly associated to mortality in the short term and then that the associ-
ation converged to the level observed among women may be combined with the finding of
expansion of moderate and severe disability observed among men, as reported in Research
Paper IV. Given their stronger short-term effect of disability, men who survived disability
may become more resilient the longer they survive, and therefore their life expectancy with
disability would increase (i.e. expand) relatively more when compared to women.
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8.2.3 New evidence for dynamics of population health changes in England over
the past decade
What was previously known:
There is agreement in the literature with regards to the direction of population changes
in England and the UK overall when one considers trends in life expectancy, but less so
with regards to health expectancy. Between 1960 and 1990 the expansion of morbidity
theory was dominant in most countries, including the UK [38]. However, when levels of
disability were distinguished the dynamic equilibrium theory seemed prevailing [119, 128].
Recent estimates of DFLE for the UK in the first decade of the 21st century, based on
prevalence of persistent activity limiting illness (with no grading of disability identified)
provided by the Office for National Statistics (ONS) [129], suggested that compression of
morbidity took place in the UK. Data for England alone, however, looked less optimistic,
and, life expectancy, in particular at age 65 years, was found to grow more than DFLE,
both for English men and English women, with an absolute and proportional expansion of
disability. Another study, set in England that distinguished less and more severe disability
[40], pointed at decline in severe forms of disability and increase in milder levels, especially
among women. Evidence supporting the theory of expansion, for the period going from
1990 to 2013, came from the work of Newton et al. [130], that extracted data from the
Global Burden of Disease Study 2013 to compare mortality, causes of death (i.e. Years
of Life Lost (YLL)), years lived with a disability (i.e. YLD), and Disability-Adjusted Life
Years (DALY) in England, and found that levels of YLDs have declined much less (1.4%
(0.1-2.8)) than YLLs (41.1% (38.3-43.6)).
To summarize, it seems that in the last quarter of the 20th century expansion of dis-
ability prevailed in England, and over the past two decades this was observed especially at
older ages (i.e. 65 years and older). When severity levels were differentiated, however, the
dynamic equilibrium appeared to take precedence. It also appeared that results differed de-
pending on how health and disability were measured and across age groups; gender-specific
patterns were also unclear. These the context and gaps from which the research questions
of Research Paper IV have been framed.
What this thesis adds:
CHAPTER 8. DISCUSSION 183
The study presented in Research Paper IV joins an existing body of literature assessing
trends in DFLE and sheds new light on the changes occurred over the past decade in Eng-
land. The main contribution of this paper lies not within the novelty of its theme, but its
corroboration of previous evidence. The innovative aspects of the analysis were to (i) in-
terpret disability according to the ICF framework, and therefore adopting a comprehensive
approach, including impairments, activity limitations and participation restrictions, rather
than focusing on specific domains separately; (ii) distinguish four severity levels of disabil-
ity (including non-disability) to better understand changes in DFLE; (iii) complement the
analysis on DFLE, measuring also an individual level outcome, YLD. We confirmed pre-
vious findings of compression of severe forms of disability and expansion of milder levels
for women (hence overall dynamic equilibrium of disability). Men, differently from women,
experienced an increase in moderate disability and severe disability stayed constant rather
than decrease, and mild disability slightly expanded. Such a difference between males and
females would have not been captured distinguishing only less severe and more severe levels
of disability. The consolidation of these trends is key to depict correctly the pattern of
disability and put in place adequate resources and efforts to improve conditions of ageing.
Finally, and from a different angle, an additional contribution of this work was to stress the
importance of considering both proportional and absolute estimates of change in DFLE in
parallel, as already pointed ouy by Robine et al. [73], and interpret results accordingly. The
combination provides a clearer understanding of the dynamics of ageing, and also quantifies
the actual burden of disability on society and health care system, which cannot be directly
derived from relative measures alone.
8.3 Evaluation of data and methods
In this section, I discuss some challenges posed by the nature of the data and methods used
in this thesis and outline the limitations descending from them. Some issues are common to
all research using longitudinal data extracted from survey studies; others are more specific
and technical aspects of the analyses performed in this thesis.
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8.3.1 Replicability
“The replication of scientific findings using independent investigators, methods, data, equip-
ment, and protocols has long been, and will continue to be, the standard by which scientific
claims are evaluated. However, in many fields of study there are examples of scientific in-
vestigations that cannot be fully replicated because of a lack of time or resources. In such a
situation, there is a need for a minimum standard that can fill the void between full repli-
cation and nothing. One candidate for this minimum standard is “reproducible research”,
which requires that data sets and computer code be made available to others for verifying
published results and conducting alternative analyses.” [131, p. 405]
This extract from an editorial of the journal Biostatistics highlights a critical issue
which affects in particular two of the findings reported in this dissertation: the measurement
of disability and the classification of the severity of disability levels.
As already stated, one of the contributions of this thesis was to promote the use of
a broad measure of disability and overcome the lack of agreement and inconsistency of
definitions, using the comprehensive interpretation proposed by the WHO. Disability was
measured accordingly, using a wide set of variables combined in a measurement model,
and the ICF was found an appropriate framework to capture disability among the older
population. To make this finding useful and enforce the use of the WHO’s ICF, the proposed
measurement of disability needs to be replicable also in other settings. The rigour of the
protocol adopted to select the variables and model them via a general-specific model, would
certainly allow other investigators to reproduce the results shown in this thesis (see materials
in Chapter Five and appendix B.1). What remains unexplored and needs to be assessed is
the validity of findings in other settings and with different data. A possible first step in this
direction would be to run the disability model developed in Research Paper II using the
ELSA’s sister studies, such as the Health Retirement Study (HRS), the Survey of Health,
Ageing and Retirement (SHARE), and others, which offer a substantially similar set of
variables and are targeted on the same type of population of ELSA (adults aged 50+) but
in other countries.
Concerning the classification of severity levels of disability, the optimal number of
classes was identified adopting a data-driven approach, as remarked in Research Paper III.
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This overcame the criticality of using arbitrary a priori theoretical classifications -which is
the approach most commonly used- but brought along the problem of replicability, raising
the issue that the optimal level that was found could apply only to the specific study in
which the analysis was carried out. The fact that the validity of the finding pertained to
a certain setting and specific population limits the generalizability of my results. However,
this limitation did not affect the rest of this thesis, because all the analyses referred to
the same sample. Nevertheless, the relevance of the topic of identifying adequate severity
levels of disability calls for further exploration of the general validity of my findings by
replicating the analysis in other settings and populations, and comparing the conclusions
across studies.
8.3.2 Generalizability
Another key aspect pertains to the representativeness of the general English population
of the sample(s) used in the analyses presented in this dissertation. ELSA is meant to
be representative of the non-institutionalised English population, but if respondents move
into a residential care home or similar establishments during the course of the study, an
“institution interview” is sought and they still remain in the study sample. Therefore,
over time, ELSA’s representativeness has changed slightly. In Chapter Four, a descriptive
investigation of ELSA’s representativeness, in particular with regards to mortality and
disability, was offered. It emerged that, in terms of mortality, increasingly during the follow
up, the ELSA sample became closer to the general English population aged 50+. And this
has partly been explained by the fact that the representativeness of the study over time has
slightly changed.
In Research Paper II, all variables were measured at wave 1 and therefore they per-
tained to the baseline sample of the ELSA, which, as said, consisted in individuals living
in private households. Mortality information (i.e. the outcome variable), however, was
available for all respondents who gave their consent to link their data to the relevant na-
tional registry and this included also those who moved to a residential care home during
the follow-up. Therefore, results pertained to the effect of disability, measured among the
non-institutionalised population, on mortality, whether it occurred when respondents were
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still living in a private household or in residential care.
In Research Paper IV, the use of both longitudinal and cross-sectional respondents
allowed us to see that the estimates of disability prevalence and DFLE were overall simi-
lar across the two groups of respondents, and to some extent, this indicated that attrition
bias did not affect the measure of disability. In this paper, differently from Research Pa-
per II, information on mortality came from the ONS and covered the total population,
while disability prevalence referred to ELSA’s respondents, and therefore did not include
institutionalised individuals. The systematic literature review, presented in Chapter Two,
clearly revealed the problem of combining national data on the general population, with
survey-based information often targeted on non-institutionalised populations, in order to
calculate health expectancy. Some studies addressed this limitation combining different
sources of data to cover the total population (see for example Crimmins et al. [132]), others
included hypotheses on the health condition of institutionalised population, assuming for
example that they were either as healthy as non-institutionalised individuals or were all
impaired (see for example Jagger et al. [133]). In this study, no assumptions were made,
and the target population was English people aged 50 years and older at baseline and living
in private household. From the results presented in Chapter Four, where the ELSA and
English population mortality were compared, we know that the ELSA mortality converged
to that of the general population over time. Making use of this finding, I suggest that
the limitation of combining ELSA information, targeted on individuals living in private
households, with mortality rates for the total population affected the measures of DFLE
differently depending on the time period considered, i.e. wave 1 (2002) or wave 6 (2012),
and between cross-sectional and longitudinal samples. In particular, the ELSA mortality
rates were closer to those of the total English population for deaths occurred in 2012. There-
fore the DFLE calculated at wave 6 (especially for the longitudinal sample) was based on
mortality rates likely to be closer to those of the English population compared to wave 1.
A study by Cambois et al. [89] investigated in depth the impact of accounting or not
for institutionalised population and warned that for populations where higher proportions
of individuals live in communal establishments, such as older populations, the hypothesis
that data from surveys on populations living in private households is representative for
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the institutionalised populations is particularly critical. A commonly applied option was
proposed by Sullivan [72] and consists in adjusting estimates of disability by assuming that
the entire population of health-related institutions have disability. This implicitly requires
knowing the distribution of institutionalised population by type of communal establishment.
Cambois et al. [89] tested a number of hypotheses for including institutionalised individ-
uals in disability prevalence estimates, among which the Sullivan’s hypothesis, to assess
the magnitude of the bias. It was found that the method suggested by Sullivan was most
effective, but less so for advanced ages. For advanced age groups, the overestimation result-
ing from the Sullivan’s hypothesis was greater than the underestimation descending from
the assumption of same prevalence in institutionalised and household populations. These
conclusions provide additional evidence of the complexity of the problem, and suggest that
the limitations affecting Research Paper IV may be limited, but do not guarantee that the
approach adopted was the most suitable.
8.3.3 Self-Report of disability
The presence or absence of disability was defined using self-reported measures, such that
each disability domain (i.e. body functions and structure, activity limitations and partici-
pation restrictions) was captured by self-assessed variables asked in the Computer-Assisted
Personal Interview (CAPI) questionnaires. Self-reported measures, in theory, may not
merely reflect the objective status of disability, but also to some extent the subjective
experience of health and disability. This may have introduced some bias to my analyses
and driven, at least partly, the observed gender paradox, although sex differences in re-
porting health problems are considered to be small [121]. Various studies have shown that
self-report of disability correlates sufficiently well with objective measures of disability, sug-
gesting that the bias arising from self-reports may be limited [134, 135, 136]. Conversely, it
has been remarked that for domains of functioning, such as sensory, cognitive, psychological
and mental health functioning, a potential problem is posed by the fact that the presence
of a deficit may itself undermine or hinder the attempt to measure it, and this may be less
pronounced for the other dimension of disability, such as activities [61]. All functioning
domains are “intrinsic” to the person, with the added disadvantage that their definition
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disregards the interaction between person and environment widely understood to charac-
terise disability, as presently conceptualised. This would imply that the self-reporting bias
may affect the three domains of disability to different extents.
In Research Paper II, observer-measured health indicators (i.e. inflammation, blood
clotting, cholesterol and a measure of respiratory functioning) were introduced into the
analyses of the disability-mortality association, not to validate the disability measurement,
but to control for their potential confounding effect. The results indicated that controlling
for observer-measured health indicators slightly decreased the effect of disability among
women, while for men adjusting or not adjusting for biomarkers did not change the results.
Because biomarkers are informative of health conditions -which are not part of disability
according to the ICF model- and adjusting for them did not change considerably the results,
this suggested that the measure of disability that was used did not mask health domains.
In other words, these domains would be external to the ICF-defined disability.
8.3.4 Causality
The aim of this thesis was to investigate gender inequalities in healthy ageing, and was
achieved through a number of objectives. Most of the research objectives implied exam-
ining the relationship between an exposure and outcome and drawing conclusions about
its strength. In this setting, ideally, the intention is to find a causal association, so that
it is possible to identify modiable causes of the adverse event, and put in place effective
interventions. There are several analytical methods that can help to draw reliable causal
conclusions in observational studies, albeit under some unverifiable assumptions [137]. In
this thesis, I used traditional regression methods with multivariable adjustment to estimate
the association between my exposures and outcomes. Using this approach, however, the
risk of unmeasured confounders is almost unavoidable, resulting in biased results, if such
confounding is substantial.
In this section, I acknowledge this limitation and advocate for a careful interpretation
of the results before drawing any causal conclusions from the observed effect. At the same
time, I explain and justify the rationale behind the choice of not adopting alternative
estimation methods to investigate these putative causal relationships. In the following, I
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will focus on discussing the association between disability and mortality studied in Research
Paper II.
In Research Paper II, I studied whether disability measured at baseline was associated
with mortality and whether the effect was different for men and women. Given that dis-
ability is not assigned at random, the different relationship found in men and women may
be due to unmeasured confounders that have sex-specific relationships with disability and
with mortality. To control for these unmeasured confounders, one could use fixed effect
modelling or instrumental variable methods. However, in this study, a fixed effect model
was not applicable because disability was measured only at baseline. Similarly, the adop-
tion of instrumental variable methods was problematic because of the difficulty of finding a
convincing instrument, in particular one that satisfies the exclusion restriction; for example
genes, that are sometimes used as instruments, are likely to affect mortality through other
pathways not involving disability. Therefore, the nature of the analysis and the type of
data used led me to choose traditional regression based multivariable adjustment to assess
whether disability at baseline had an impact on mortality observed over ten years, where
the adjustment involved a rich set of variables.
These variables, known to be associated with both mortality and disability, included
demographic characteristics, socioeconomic status, health-related behaviours and illness,
and indicators of social class from childhood. Furthermore, in sensitivity analyses, objec-
tive measures of health were introduced as additional confounders to assess whether gender
differences in the association between disability and mortality were driven by gender differ-
ences in prevalence of specific disabling diseases.
Unmeasured confounders might still bias the association under study, and I acknowl-
edge this limitation, but I believe the most relevant confounders were taken into account,
therefore limiting the extent of this potential bias.
8.4 Implications and future research
Overall the work presented in this dissertation produced evidence that potentially has im-
portant implications for public health interventions and for future research priorities.
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8.4.1 Implications for policies
• Need for conceiving health expectancy as a comparable and repeatable measure in order
to be used as an informative instrument for policy makers.
The heterogeneity of measures of health and disability to estimate health expectancy has
been highlighted in the systematic review presented in Chapter Two and commented in pre-
vious sections of this chapter. In this section, the need for a common indicator is expanded
upon with the purpose of advocating action towards a harmonization of the measure of
health expectancy, in particular DFLE, which would enable cross-study comparisons. The
facts that the ICF is currently the most agreed upon model of disability [63, 84, 107] along
with the finding produced in this dissertation that it is a measurable and valid indicator of
disability for the older population, can be used to advocate its adoption as a measure of
disability.
Among others, a specific addressee of this recommendation would be the Re´seau
Espe´rance de Vie en Sante´ (REVES). REVES is an international organization set up in
1989 by International Institutes, and promotes the use of health expectancy as a population
health indicator. One of the activities of REVES is expressly to propose a conceptual frame-
work to organise the domain and classify all the health expectancy estimations. The finding
of this dissertation, confirming the validity of the ICF as a measure of disability among the
older population, offers ground for promoting the use of this conceptual framework as a
reference for measuring disability and calculating DFLE accordingly.
• Need to identify and distinguish milder and more severe levels of disability.
The main finding, reported in Research Paper III, and whose relevance was shown in Re-
search Paper IV, consisted of the identification of a multi-categorical measure of disability
that distinguished four classes, from non-disability to severe disability. The main conclusion
and consequent recommendation is that milder and more severe levels of disability should
always be identified when quantifying their impact on health and mortality, because these
relationships changed across different levels of disability (Research Paper III), and trends in
DFLE over the the first decade of the 21st century in England also appeared to be different
depending on the level of disability (Research Paper IV). This finding reinforces previous
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evidence on the implications of differentiating levels of disability to interpret trends in DFLE
[74, 75, 128]. Furthermore, a binary classification risks to average the effect of milder and
more severe forms of disability together with those of moderate disability, masking the sep-
aration of the upward and downward trends seen for different levels of disability. A note
of caution is deemed however with regards to these results. Their validity only applies
to the context in which the analysis was performed, and thus the recommendation for a
multi-categorical measure of disability does not necessarily point at four as the preferred
number of categories. In Research Paper IV, where DFLE was estimated for three levels
of disability, by identifying an intermediate level of disability it was possible to appreciate,
for example, gender differences to a great extent.
• Need to consider both proportional and absolute changes in DFLE to fully understand
the burden of disability.
In Research Paper IV, we empirically tested changes in DFLE over a decade in England in
light of the theories of population health change [16, 17, 18, 20], and showed that absolute
and relative changes were most commonly concordant but, in some cases, differed. In
particular, when we found proportional compression of disability (for any level), we also
observed that the expected number of years with disability expanded in absolute terms,
with the exception of severe disability for women, which compressed both proportionally
and absolutely. Number of years with disability can increase even if DFLE in relation to
life expectancy compresses. Absolute changes in DFLE provide information on how long
people with disability will survive and will need some level of assistance and care, and
therefore inform on whether the overall burden of disability on health systems and families
will increase, and to what extent. Hence, the consequent message is that proportional
changes must be considered along with absolute changes. This consideration, however, is
not new and joins previous recommendations already exposed in the 1990s [73], but that
have not been always taken into consideration.
8.4.2 Implications for future research
• Replication studies
As reported in the previous paragraph, one of the limitations affecting some of the findings
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of this thesis is the fact that their validity has been tested only in the ELSA. Given the
relevance of the topic and findings -namely, the validity of the ICF to capture disability using
a broad battery of items in a general-specific model, and the multi-categorical classification
of disability composed by four classes- replicating the analyses in other contexts would be
extremely informative. The availability of survey studies that are similar to ELSA and set
in different countries (see Chapter Four for the list of studies) represents a great opportunity
to test the validity of the results of this thesis for other settings. If confirmed, a common
framework and measurement model to estimate disability among the older population in
many countries would become available.
• Mechanisms explaining the gender paradox in health and mortality
One of the contributions of the thesis, as highlighted above, was to provide additional
evidence to the gender paradox and understand why it occurs. Sensitivity analyses presented
in Research Paper II suggested a minor role of physical conditions in explaining the smaller
effect of disability on mortality observed among women compared to men, and therefore their
longer expected life with disability did not seem to depend much on gender differences in
diseases. This suggests further explorations of factors not related to physical conditions that
affect disability and mortality, and that are likely to be different in men and women. Possible
mechanisms that can be of particular interest to explain why women have larger proportions
of disability than men but lower mortality rates, include health seeking behaviours and
social networks. Women and men are known to have different attitudes towards these
factors. Males have consistently been shown to have less positive attitudes toward seeking
health services than females [138, 139, 140], and women to have a wider range of sources
of emotional support and more close persons in their primary networks than men [141].
Moreover, studies have found these risk factors to affect mortality and health to different
extent -and sometimes in opposite directions- between genders [138, 142]. Considering
these findings, when assessing gender differences in the association between disability and
mortality, can add further insight to understand why disability is more fatal for men than
women. In another jargon, this would mean to include into the disability-mortality pathway
factors known to be associated with both disability and mortality, and acting differently
in men and women. For example, the fact that men tend to use health services less than
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women would lead them to later diagnosis of diseases and disabilities, and therefore to
underreport milder levels of disability and consequently to underestimate their survival to
low levels of disability. A late treatment would as well increase the probability of dying
due to disability. Therefore, evidence supporting the existence of any of these mechanisms
would reveal a concrete avenue for intervention to promote higher gender equality in healthy
ageing, ideally decreasing female disability prevalence and lowering male mortality rates.
• Cohort differences in BMI affecting changes in DFLE
Some risk factors are likely to explain changes in disability and mortality to different ex-
tents across different cohorts. This is of particular interest when comparing over time
summary measures of population health, which implicitly compare cohorts in different pe-
riods relying on different assumptions depending on the methods applied. In this thesis, I
looked at overweight and obesity as one of these factors and found a modifying effect with
year of birth, suggesting that high BMI was more detrimental among younger generations.
Nevertheless, it was not possible to disentangle the period and cohort effects represented
by year of birth [104], with additional limitations also affecting the analysis (see Research
Paper IV in Chapter Seven). The epidemics of obesity deserves greater exploration than
offered in the concluding part of Research Paper IV, considering, for example, the timing
of onset of overweight and obesity as an explanatory factor when performing gender and
cohort comparisons. Cohort studies, such as the 1946 National Survey of Health and De-
velopment Cohort National Survey of Health and Development Cohort (NSHD), the 1958
National Child Development Study (NCDS), the 1970 British Cohort Study (BCS) and the
Millennium Cohort Study (MCS) are excellent sources to pursue this type of investigation.
The focus of this thesis was on the older population, however, with only NSHD and NCDS
being of a comparative age range. Nevertheless, given that the onset of overweight and obe-
sity keeps shifting to younger ages and that it affects new generations more than older ones
[94], extending these analyses to younger samples would be informative, and would highlight
whether interventions to delay the onset of overweight and obesity would be beneficial in
terms of the relationship between disability and mortality.
• Disentangling disability domains
“The concept that disability should not be a specific point on the pathway but rather
CHAPTER 8. DISCUSSION 194
an overlying concept that refers to the whole process has value, although it creates some
confusion because of the very long usage of disability to reflect more specific issues.(..)
In reading the ICF “bible”, the study of the disablement process is really never clearly
mentioned and in fact the much publicized figure of the model (figure 1 in Jette commentary)
seeks to show that all aspects of disability are related to all other aspects, with all arrows
going in both directions. One can only assume from this that a decision was made to not
impose the concept of a pathway at all on the model and in fact the terms “disablement”
or “disablement process” are not used.” [95, p. 1169-1170]
The editorial of Guralnik and Ferrucci [95] published in 2009 in the Journal of Gerontol-
ogy questioned the validity of the ICF framework to study disability in the older population,
criticising in particular the ICF failure to differentiate concepts and categories between the
activity and participation domains. Concerns about the lack of operational differentiation
between these two spheres were expressed already by the Institute of Medicine [84] and other
researchers [143, 144] and by Jette himself [63] in the editorial where he promoted the ICF
as common language for disability. The essence of the discussion, however, underlies a more
complex and substantive debate on the conceptualization of disability. Since disability has
been interpreted not only as a medical, but also as a psychological and social condition, two
different interpretations have emerged, which are not necessarily incompatible: one intends
disability as a comprehensive concept composed by different and equally contributing do-
mains, and the other as a hierarchical pathway consisting of separate subsequent domains.
The ICF would correspond to the first view and frames disability as a single broad measure
including multiple domains equally contributing to the overlaying concept. The Nagi’s “Dis-
ablement model” would belong to the second approach and conceives disability through a
pathway, such that diseases predicts impairments which lead to functional limitations which
finally conduce to disability.
In this thesis, I shared the first view adopting the ICF’s framework, and thus giving
to disability an inclusive interpretation encompassing both biological and social aspects.
When disability develops over time, the framework proposed by Nagi presents the advantage
of allowing to distinguish and identify groups suffering from specific domains (functional
limitations, impairments, etc.) and plan ad hoc interventions. A comprehensive approach,
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on the other hand, would study trajectories from a level to another -with the intrinsic
challenge of identifying severity levels. It was beyond the scope of this thesis to develop
both the approaches and gain insight from the comparison of results obtained disentangling
and not disentangling disability domains. If there is a preferable approach and which this
is, is still an open debate among researchers who study disability. The relevance of the
issue and the potential implications for policy planning encourage the development of this
work towards adopting the hierarchical approach to disability and hence disentangling its
domains and study their evolution and whether it differs in men and women.
8.5 Discussion in a nutshell
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Title 1 Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured
summary
2 Provide a structured summary including, as applicable: background;
objectives; data sources; study eligibility criteria, participants, and in-
terventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review regis-
tration number.
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INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already
known.
2
Objectives 4 Provide an explicit statement of questions being addressed with refer-
ence to participants, interventions, comparisons, outcomes, and study
design (PICOS).
2
METHODS
Table A.1: PRISMA statement for the systematic review
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Protocol and
registration
5 Indicate if a review protocol exists, if and where it can be accessed
(e.g., Web address), and, if available, provide registration information
including registration number.
4
Eligibility cri-
teria
6 Specify study characteristics (e.g., PICOS, length of follow-up) and
report characteristics (e.g., years considered, language, publication sta-
tus) used as criteria for eligibility, giving rationale.
4
Information
sources
7 Describe all information sources (e.g., databases with dates of coverage,
contact with study authors to identify additional studies) in the search
and date last searched.
2
Search 8 Present full electronic search strategy for at least one database, includ-
ing any limits used, such that it could be repeated.
3
Study selec-
tion
9 State the process for selecting studies (i.e., screening, eligibility, in-
cluded in systematic review, and, if applicable, included in the meta-
analysis).
3,4
Data collec-
tion process
10 Describe method of data extraction from reports (e.g., piloted forms,
independently, in duplicate) and any processes for obtaining and con-
firming data from investigators.
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Data items 11 List and define all variables for which data were sought (e.g., PICOS,
funding sources) and any assumptions and simplifications made.
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Risk of bias
in individual
studies
12 Describe methods used for assessing risk of bias of individual stud-
ies (including specification of whether this was done at the study or
outcome level), and how this information is to be used in any data
synthesis.
NA
Summary
measures
13 State the principal summary measures (e.g., risk ratio, difference in
means).
NA
Synthesis of
results
14 Describe the methods of handling data and combining results of stud-
ies, if done, including measures of consistency (e.g., I2) for each meta-
analysis.
4
Risk of bias
across studies
15 Specify any assessment of risk of bias that may affect the cumulative
evidence (e.g., publication bias, selective reporting within studies).
NR
Additional
analyses
16 Describe methods of additional analyses (e.g., sensitivity or subgroup
analyses, meta-regression), if done, indicating which were pre-specified.
NA
RESULTS
Study selec-
tion
17 Give numbers of studies screened, assessed for eligibility, and included
in the review, with reasons for exclusions at each stage, ideally with a
flow diagram.
4
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Study charac-
teristics
18 For each study, present characteristics for which data were extracted
(e.g., study size, PICOS, follow-up period) and provide the citations.
S1 table
Risk of bias
within studies
19 Present data on risk of bias of each study and, if available, any outcome
level assessment (see item 12).
NA
Results of indi-
vidual studies
20 For all outcomes considered (benefits or harms), present, for each study:
(a) simple summary data for each intervention group (b) effect esti-
mates and confidence intervals, ideally with a forest plot.
5-9
Synthesis of
results
21 Present results of each meta-analysis done, including confidence inter-
vals and measures of consistency.
NA
Risk of bias
across studies
22 Present results of any assessment of risk of bias across studies (see Item
15).
NA
Additional
analysis
23 Give results of additional analyses, if done (e.g., sensitivity or subgroup
analyses, meta-regression [see Item 16]).
NA
DISCUSSION
Summary of
evidence
24 Summarise the main findings including the strength of evidence for each
main outcome; consider their relevance to key groups (e.g., healthcare
providers, users, and policy makers).
10
Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at
review-level (e.g., incomplete retrieval of identified research, reporting
bias).
10
Conclusions 26 Provide a general interpretation of the results in the context of other
evidence, and implications for future research.
10
FUNDING
Funding 27 Describe sources of funding for the systematic review and other support
(e.g., supply of data); role of funders for the systematic review.
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ra
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c
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b
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H
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a
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e
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d
e
a
th
T
L
E
,
A
L
E
,
D
L
E
A
D
L
,
IA
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
L
o
n
g
it
u
d
in
a
l
S
tu
d
y
o
f
A
g
in
g
APPENDIX A. SUPPORTING INFORMATION TO SLR 222
2
8
2
0
1
4
H
a
y
w
a
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c
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b
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R
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a
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c
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b
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i
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e
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c
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c
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b
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-
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c
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e
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e
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b
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c
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b
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c
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r
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d
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b
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ra
te
o
r
S
e
v
e
re
D
is
a
b
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b
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p
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b
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u
la
r,
a
u
ra
l
(i
n
c
lu
d
in
g
la
n
-
g
u
a
g
e
),
in
te
ll
e
c
tu
a
l,
sk
e
le
ta
l,
p
sy
ch
o
lo
g
ic
a
l
a
n
d
m
u
lt
ip
le
h
a
n
d
ic
a
p
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
sa
m
p
li
n
g
su
rv
e
y
5
0
2
0
0
0
L
a
i,
L
e
e
a
n
d
L
e
e
C
h
in
a
a
ll
a
g
e
g
ro
u
p
s
se
x
,
a
g
e
,
re
si
-
d
e
n
c
e
T
L
E
,
h
a
n
d
ic
a
p
-F
re
e
L
E
,
e
x
p
e
c
te
d
Y
e
a
rs
o
f
L
if
e
w
it
h
H
a
n
d
i-
c
a
p
O
c
u
la
r,
a
u
ra
l,
in
te
ll
e
c
tu
a
l,
sk
e
le
ta
l,
p
sy
ch
o
lo
g
ic
a
l
a
n
d
m
u
lt
ip
le
h
a
n
d
ic
a
p
s
S
u
ll
iv
a
n
’s
m
e
th
o
d
S
u
rv
e
y
o
n
th
e
h
a
n
d
ic
a
p
p
e
d
5
1
1
9
9
4
L
a
n
d
,
G
u
ra
l-
n
ik
a
n
d
B
la
z
e
r
U
S
a
g
e
d
6
5
+
se
x
,
a
g
e
,
ra
c
e
,
e
d
u
c
a
ti
o
n
T
L
E
,
A
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
E
P
E
S
E
5
2
2
0
0
7
L
ie
v
re
e
t
a
l.
1
2
E
u
-
ro
p
e
a
n
c
o
u
n
-
tr
ie
s
a
g
e
d
fr
o
m
5
0
to
7
0
se
x
,
a
g
e
H
e
a
lt
h
y
W
o
rk
in
g
L
if
e
E
x
p
e
c
ta
n
c
y
S
R
H
M
u
lt
is
ta
te
li
fe
ta
b
le
E
u
ro
p
e
a
n
C
o
m
m
u
n
it
y
H
o
u
se
-
h
o
ld
P
a
n
e
l
(E
C
H
P
)
5
3
2
0
0
9
L
iu
e
t
a
l.
C
h
in
a
a
g
e
d
6
0
+
se
x
,
a
g
e
T
L
E
,
D
F
L
E
,
D
L
E
V
is
u
a
l,
h
e
a
ri
n
g
a
n
d
sp
e
e
ch
,
p
h
y
si
c
a
l,
in
te
ll
e
c
tu
a
l,
a
n
d
m
e
n
ta
l
d
is
a
b
il
it
ie
s
a
ss
e
ss
e
d
b
y
c
li
n
ic
ia
n
s
S
u
ll
iv
a
n
’s
m
e
th
o
d
C
h
in
a
N
a
ti
o
n
a
l
S
a
m
p
le
S
u
rv
e
y
o
n
H
a
n
d
ic
a
p
/
D
is
a
b
il
it
y
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5
4
1
9
9
5
L
iu
e
t
a
l.
J
a
p
a
n
a
g
e
d
6
0
+
se
x
,
e
d
u
c
a
ti
o
n
,
so
c
ia
l
n
e
tw
o
rk
T
L
E
,
fu
n
c
ti
o
n
a
l
in
d
e
p
e
n
d
e
n
c
e
L
E
,
fu
n
c
ti
o
n
a
l
d
is
a
b
il
it
y
L
E
F
u
n
c
ti
o
n
in
g
:
(1
)
b
a
th
in
g
o
n
e
se
lf
,
(2
)
c
li
m
b
in
g
tw
o
o
r
th
re
e
fl
ig
h
ts
o
f
st
a
ir
s,
a
n
d
(3
)
w
a
lk
in
g
a
b
o
u
t
2
0
0
-3
0
0
m
e
-
te
rs
o
r
a
fe
w
b
lo
ck
s
M
u
lt
is
ta
te
li
fe
ta
b
le
L
o
n
g
it
u
d
in
a
l
st
u
d
y
o
f
a
d
u
lt
J
a
p
a
n
e
se
a
g
e
d
6
0
a
n
d
o
v
e
r.
5
5
2
0
1
0
M
a
je
r
e
t
a
l.
1
0
W
e
st
-
e
rn
-
E
u
ro
p
e
a
n
c
o
u
n
-
tr
ie
s
a
g
e
d
5
0
a
g
e
d
6
5
se
x
,
e
d
u
c
a
ti
o
n
,
c
o
u
n
tr
y
T
L
E
,
D
F
L
E
G
A
L
I
M
u
lt
is
ta
te
li
fe
ta
b
le
E
C
H
P
5
6
2
0
0
8
M
a
n
to
n
,
G
u
a
n
d
L
o
w
-
ri
m
o
re
U
S
a
g
e
d
6
5
+
se
x
,
c
o
h
o
rt
,
d
is
-
a
b
il
it
y
st
a
tu
s
T
L
E
,
A
L
E
A
D
L
,
IA
D
L
,
N
a
g
i
fu
n
c
ti
o
n
a
l
li
m
it
a
ti
o
n
s,
se
n
so
ry
fu
n
c
ti
o
n
(v
is
io
n
)
S
to
ch
a
st
ic
p
ro
-
c
e
ss
li
fe
ta
b
le
s
N
a
ti
o
n
a
l
L
o
n
g
-T
e
rm
C
a
re
S
u
r-
v
e
y
5
7
1
9
9
7
M
a
n
to
n
,
S
ta
ll
a
rd
,
a
n
d
C
o
rd
e
r
U
S
a
g
e
d
6
5
+
se
x
,
a
g
e
,
e
d
u
c
a
-
ti
o
n
T
L
E
,
D
F
L
E
F
u
n
c
ti
o
n
in
g
S
to
ch
a
st
ic
p
ro
-
c
e
ss
li
fe
ta
b
le
s
N
a
ti
o
n
a
l
L
o
n
g
T
e
rm
C
a
re
S
u
r-
v
e
y
s
5
8
2
0
0
6
M
a
tt
h
e
w
s
e
t
a
l.
U
K
a
g
e
d
6
5
+
se
x
,
a
g
e
,
to
w
n
T
L
E
,
L
E
fr
e
e
o
f
c
o
g
-
n
it
iv
e
im
p
a
ir
m
e
n
t,
A
L
E
,
L
E
in
g
o
o
d
h
e
a
lt
h
S
R
H
,
A
D
L
,
ri
sk
fa
c
to
rs
fo
r
d
e
m
e
n
ti
a
,
c
o
g
n
it
iv
e
fu
n
c
ti
o
n
a
n
d
m
e
d
ic
a
ti
o
n
(M
M
S
E
)
S
u
ll
iv
a
n
’s
m
e
th
o
d
M
R
C
C
F
A
S
5
9
2
0
0
6
M
a
tt
h
e
w
s,
J
a
g
g
e
r
a
n
d
H
a
n
c
o
ck
U
K
a
g
e
d
7
5
+
se
x
,
so
c
io
-
e
c
o
n
o
m
ic
c
o
n
d
i-
ti
o
n
s
T
L
E
,
D
F
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
M
e
lt
o
n
M
o
w
b
ra
y
H
e
a
lt
h
C
h
e
ck
d
a
ta
6
0
2
0
0
0
M
e
lz
e
r
e
t
a
l.
E
n
g
la
n
d
a
g
e
d
6
5
+
se
x
,
so
c
ia
l
c
la
ss
T
L
E
,
D
F
L
E
,
D
L
E
m
e
n
ta
ll
y
im
p
a
ir
m
e
n
t:
A
u
-
to
m
a
te
d
G
e
ri
a
tr
ic
E
x
a
m
in
a
-
ti
o
n
C
o
m
p
u
te
r
A
ss
is
te
d
T
a
x
-
o
n
o
m
y
;
p
h
is
ic
a
ll
y
d
is
a
b
il
it
y
:
M
o
d
ifi
e
d
T
o
w
n
se
n
d
D
is
a
b
il
-
it
y
S
c
a
le
;
n
e
e
d
fo
r
c
o
n
-
st
a
n
t
c
a
re
:
fu
n
c
ti
o
n
a
l
in
c
a
-
p
a
c
it
y
a
n
d
/
o
r
m
e
n
ta
l
st
a
te
(M
M
S
E
)
S
u
ll
iv
a
n
’s
m
e
th
o
d
M
R
C
C
F
A
S
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6
1
2
0
0
5
M
in
ic
u
c
i
a
n
d
N
o
a
le
It
a
ly
a
g
e
d
6
5
-
8
4
se
x
,
a
g
e
,
e
d
u
c
a
-
ti
o
n
T
L
E
,
D
F
L
E
,
D
L
E
(m
il
d
a
n
d
se
v
e
re
)
A
D
L
,
IA
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
It
a
li
a
n
L
o
n
g
it
u
d
in
a
l
S
tu
d
y
o
n
A
g
in
g
(I
L
S
A
)
6
2
2
0
0
5
M
in
ic
u
c
i
a
n
d
N
o
a
le
It
a
ly
a
g
e
d
6
5
-
8
4
se
x
,
a
g
e
,
g
e
o
-
g
ra
p
h
ic
a
l
a
re
a
T
L
E
,
D
F
L
E
A
D
L
,
IA
D
L
,
p
h
y
si
c
a
l
p
e
rf
o
r-
m
a
n
c
e
te
st
(P
P
T
)
S
u
ll
iv
a
n
’s
m
e
th
o
d
IL
S
A
6
3
2
0
1
1
M
in
ic
u
c
i
e
t
a
l.
It
a
ly
,
B
u
lg
a
ri
a
a
n
d
L
a
ti
n
A
m
e
ri
c
a
a
g
e
d
6
5
-
8
4
se
x
,
a
g
e
,
c
o
u
n
-
tr
y
T
L
E
,
D
F
L
E
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
(1
)
N
H
IS
(B
u
la
g
e
ri
a
)
(2
)
M
u
lt
i-
d
is
c
ip
li
n
a
ry
su
rv
e
y
a
m
o
n
g
It
a
l-
ia
n
fa
m
il
ie
s:
h
e
a
lt
h
st
a
tu
s
a
n
d
h
e
a
lt
h
se
rv
ic
e
s
a
c
c
e
ss
(I
M
F
-S
)
in
It
a
ly
.
(3
)
S
A
B
E
6
4
2
0
1
4
M
o
n
te
z
a
n
d
H
a
y
w
a
rd
U
S
a
g
e
d
5
0
+
se
x
,
ch
il
d
h
o
o
d
S
E
S
,
ch
il
d
-
h
o
o
d
h
e
a
lt
h
,
e
d
u
c
a
ti
o
n
T
L
E
,
A
L
E
,
IL
E
A
D
L
,
IA
L
D
,
fu
n
c
ti
o
n
a
l
li
m
i-
ta
ti
o
n
s
M
u
lt
is
ta
te
li
fe
ta
b
le
H
R
S
6
5
2
0
1
1
M
u
a
n
g
p
a
is
a
n
e
t
a
l.
T
h
a
il
a
n
d
a
g
e
d
5
0
+
se
x
,
a
g
e
T
L
E
,
c
o
g
n
it
iv
e
im
p
a
ir
m
e
n
t
fr
e
e
L
E
,
p
h
y
si
c
a
l
il
ln
e
ss
-f
re
e
L
E
,
p
sy
ch
o
lo
g
ic
a
l
im
p
a
ir
m
e
n
t-
fr
e
e
L
E
,
se
lf
-c
a
re
L
E
,
D
F
L
E
,
H
L
E
T
h
a
i
M
M
S
E
,
p
sy
ch
o
lo
g
ic
a
l
Q
u
a
li
ty
o
f
L
if
e
sc
o
re
,
A
D
L
,
se
lf
re
p
o
rt
e
d
p
h
y
si
c
a
l
il
l-
n
e
ss
a
n
d
h
e
a
ri
n
g
a
n
d
v
is
u
a
l
p
ro
b
le
m
s,
se
lf
-c
a
re
d
o
m
a
in
s,
S
P
G
H
(s
e
lf
-p
e
rc
e
iv
e
d
g
lo
b
a
l
h
e
a
lt
h
)
S
u
ll
iv
a
n
’s
m
e
th
o
d
B
a
n
g
k
o
k
L
o
n
g
it
u
d
in
a
l
S
tu
d
y
b
y
S
ir
ir
a
j
H
o
sp
it
a
l
fo
r
th
e
O
ld
e
r
M
e
n
a
n
d
W
o
m
e
n
(B
L
O
S
S
O
M
)
6
6
1
9
9
7
M
u
ta
fo
v
a
e
t
a
l.
B
u
lg
a
ri
a
a
g
e
d
6
0
+
se
x
,
a
g
e
T
L
E
,
D
F
L
E
,
h
a
n
d
ic
a
p
-f
re
e
L
E
,
h
a
n
d
ic
a
p
L
E
A
D
L
,
S
R
H
,
h
a
n
d
ic
a
p
(c
o
n
-
fi
n
e
d
h
o
m
e
,
ch
a
ir
,
b
e
d
)
S
u
ll
iv
a
n
’s
m
e
th
o
d
F
ir
st
p
il
o
t
h
e
a
lt
h
in
te
rv
ie
w
su
r-
v
e
y
a
n
d
in
S
v
is
h
to
v
6
7
2
0
0
1
N
e
w
m
a
n
a
n
d
B
ra
ch
R
e
v
ie
w
6
8
2
0
0
4
O
fs
te
d
a
l
e
t
a
l.
6
A
si
a
n
c
o
u
n
-
tr
ie
s
a
g
e
d
6
0
+
se
x
,
a
g
e
,
c
o
u
n
-
tr
y
T
L
E
,
H
L
E
,
U
L
E
S
R
H
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
su
rv
e
y
s:
(1
)
In
d
o
n
e
si
a
n
F
a
m
il
y
L
if
e
S
u
rv
e
y
(2
)
P
h
il
ip
-
p
in
e
S
u
rv
e
y
o
f
th
e
N
e
a
r-
E
ld
e
rl
y
a
n
d
E
ld
e
rl
y
(3
)
N
a
ti
o
n
a
l
S
u
r-
v
e
y
o
f
S
e
n
io
r
C
it
iz
e
n
s
in
S
in
g
a
-
p
o
re
(4
)
T
a
iw
a
n
S
u
rv
e
y
o
f
H
e
a
lt
h
a
n
d
L
iv
in
g
S
ta
tu
s
o
f
th
e
M
id
d
le
-
A
g
e
d
a
n
d
E
ld
e
rl
y
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6
9
2
0
0
8
P
e
re
s
e
t
a
l.
E
n
g
la
n
d
a
n
d
W
a
le
s
a
g
e
d
6
5
+
se
x
,
a
g
e
,
e
m
o
-
ti
o
n
a
l
p
ro
b
le
m
,
m
u
lt
im
o
rb
id
it
y
T
L
E
,
D
F
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
M
R
C
C
F
A
S
7
0
2
0
0
5
R
e
y
e
s-
B
e
a
m
a
n
e
t
a
l.
M
e
x
ic
o
a
g
e
d
6
0
+
se
x
,
a
g
e
,
lo
c
a
l
re
g
io
n
a
l
a
re
a
T
L
E
,
A
L
E
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
S
u
rv
e
y
o
n
A
g
e
in
g
c
a
r-
ri
e
d
o
u
t
in
th
e
M
e
x
ic
a
n
In
st
it
u
te
o
f
S
o
c
ia
l
S
e
c
u
ri
ty
(I
M
S
S
)
7
1
2
0
0
8
R
e
y
n
o
ld
s,
H
a
le
y
,
a
n
d
K
o
-
z
le
n
k
o
,
U
S
a
g
e
d
7
0
+
se
x
,
a
g
e
,
d
e
p
re
s-
si
o
n
a
n
d
ch
ro
n
ic
d
is
e
a
se
s
T
L
E
,
A
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
A
ss
e
t
a
n
d
H
e
a
lt
h
D
y
n
a
m
-
ic
s
A
m
o
n
g
th
e
O
ld
e
st
O
ld
(A
H
E
A
D
)
7
2
2
0
0
9
R
e
y
n
o
ld
s
a
n
d
M
c
Il
-
v
a
n
e
U
S
a
g
e
d
7
0
+
se
x
,
a
g
e
,
o
b
e
si
ty
st
a
tu
s,
a
rt
h
ri
ti
s
T
L
E
,
A
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
A
H
E
A
D
7
3
2
0
0
5
R
e
y
n
o
ld
s,
S
a
it
o
,
a
n
d
C
ri
m
-
m
in
s
U
S
a
g
e
d
7
0
+
se
x
,
a
g
e
,
o
b
e
si
ty
st
a
tu
s
T
L
E
,
A
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
A
H
E
A
D
7
4
2
0
0
2
R
o
b
in
e
,
J
a
g
g
e
r,
a
n
d
C
a
m
b
o
is
1
2
E
u
-
ro
p
e
a
n
c
o
u
n
-
tr
ie
s
a
g
e
d
6
5
se
x
,
c
o
u
n
tr
y
T
L
E
,
fu
ll
y
a
c
ti
v
e
L
E
,
p
a
rt
ly
a
c
ti
v
e
L
E
G
A
L
I
S
u
ll
iv
a
n
’s
m
e
th
o
d
E
u
ro
p
e
a
n
C
o
m
m
u
n
it
y
H
o
u
se
-
h
o
ld
P
a
n
e
l
7
5
1
9
8
9
R
o
g
e
rs
,
R
o
g
e
rs
a
n
d
B
e
la
n
g
e
r
U
S
a
g
e
d
7
0
+
se
x
,
a
g
e
T
L
E
,
A
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
L
S
O
A
7
6
2
0
1
4
R
o
m
e
ro
-
O
rt
u
n
o
,
F
o
u
w
e
a
th
e
r,
a
n
d
J
a
g
-
g
e
r
E
u
ro
p
e
a
g
e
d
5
0
+
se
x
,
a
g
e
,
c
o
u
n
-
tr
y
L
E
w
/
a
n
d
w
/
o
fr
a
il
ty
F
ra
il
ty
In
st
ru
m
e
n
t,
G
A
L
I
S
u
ll
iv
a
n
’s
m
e
th
o
d
S
H
A
R
E
7
7
2
0
0
5
S
a
g
a
rd
u
i-
V
il
la
m
o
r
e
t
a
l.
S
p
a
in
a
g
e
d
6
5
+
se
x
,
a
g
e
,
y
e
a
r
T
L
E
,
D
F
L
E
,
D
L
E
5
m
a
jo
r
ty
p
e
s
o
f
d
is
a
b
il
-
it
y
(s
e
e
in
g
,
h
e
a
ri
n
g
,
se
lf
c
a
re
,
w
a
lk
in
g
,
c
o
g
n
it
iv
e
d
is
a
b
il
i-
ti
e
s)
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
D
is
a
b
il
it
y
,
Im
p
a
ir
m
e
n
t
a
n
d
H
a
n
d
ic
a
p
S
u
rv
e
y
s
APPENDIX A. SUPPORTING INFORMATION TO SLR 228
7
8
2
0
0
8
S
a
n
to
s
C
a
-
m
a
rg
o
s,
M
a
ch
a
d
o
,
a
n
d
R
o
-
d
ri
g
u
e
s
B
ra
z
il
a
g
e
d
6
0
+
se
x
,
a
g
e
(p
re
-
d
ic
to
r
fo
r
S
R
H
:
li
v
in
g
a
rr
a
n
g
e
m
e
n
t,
m
a
ri
ta
l
st
a
tu
s,
sc
h
o
o
li
n
g
a
n
d
in
c
o
m
e
,
fu
n
c
-
ti
o
n
a
l
d
is
a
b
il
it
y
a
n
d
ch
ro
n
ic
il
ln
e
ss
e
s)
T
L
E
,
H
L
E
,
U
L
E
S
R
H
S
u
ll
iv
a
n
’s
m
e
th
o
d
S
A
B
E
7
9
2
0
0
8
S
a
n
to
s
C
a
-
m
a
rg
o
s,
M
a
ch
a
d
o
a
n
d
R
o
-
d
ri
g
u
e
s
B
ra
z
il
a
g
e
d
6
0
+
se
x
,
a
g
e
T
L
E
,
D
F
L
E
(M
il
d
,
M
o
d
e
ra
te
,
S
e
v
e
re
)
A
D
L
,
m
o
b
il
it
y
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
S
a
m
p
le
H
o
u
se
h
o
ld
S
u
r-
v
e
y
(P
N
A
D
)
8
0
2
0
0
7
S
a
n
to
s
C
a
-
m
a
rg
o
s,
M
a
ch
a
d
o
a
n
d
R
o
-
d
ri
g
u
e
s
B
ra
z
il
a
g
e
d
6
0
+
se
x
,
a
g
e
,
e
d
u
c
a
-
ti
o
n
T
L
E
,
D
F
L
E
,
D
L
E
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
S
A
B
E
8
1
2
0
0
1
S
a
u
v
a
g
e
t,
J
a
g
g
e
r
a
n
d
A
rt
h
u
r
U
K
a
g
e
d
7
5
+
se
x
,
a
g
e
T
L
E
,
A
L
E
,
c
o
g
n
i-
ti
v
e
im
p
a
ir
m
e
n
t
fr
e
e
L
E
A
D
L
,
C
li
ft
o
n
A
ss
e
ss
m
e
n
t
P
ro
c
e
d
u
re
s
o
f
th
e
E
ld
e
rl
y
M
u
lt
is
ta
te
li
fe
ta
b
le
M
e
lt
o
n
M
o
w
b
ra
y
H
e
a
lt
h
C
h
e
ck
d
a
ta
8
2
1
9
9
9
S
a
u
v
a
g
e
t
e
t
a
l.
J
a
p
a
n
a
g
e
d
6
5
+
se
x
,
a
g
e
T
L
E
,
D
F
L
E
A
D
L
,
IA
D
L
,
m
o
b
il
it
y
M
u
lt
is
ta
te
li
fe
ta
b
le
A
2
-y
e
a
r
p
ro
sp
e
c
ti
v
e
st
u
d
y
o
f
o
ld
e
r
re
si
d
e
n
ts
in
a
ru
ra
l
J
a
p
a
n
e
se
c
o
m
m
u
n
it
y
.
8
3
2
0
1
1
S
z
w
a
rc
w
a
ld
,
e
t
a
l.
B
ra
z
il
a
g
e
d
1
8
+
se
x
,
a
g
e
,
lo
c
a
-
ti
o
n
(s
lu
m
s)
T
L
E
,
H
L
E
,
H
e
a
lt
h
y
L
if
e
L
o
st
(1
)
d
a
il
y
a
c
ti
v
it
ie
s
(w
o
rk
o
r
h
o
u
se
h
o
ld
a
c
ti
v
it
ie
s)
,
(2
)
m
o
b
il
it
y
(m
o
v
in
g
a
ro
u
n
d
),
(3
)
se
lf
-c
a
re
(w
a
sh
in
g
o
r
d
re
ss
in
g
y
o
u
rs
e
lf
),
(4
)s
e
n
sa
-
ti
o
n
o
f
p
a
in
(5
)
le
a
rn
in
g
(6
)
v
is
io
n
S
u
ll
iv
a
n
’s
m
e
th
o
d
W
o
rl
d
H
e
a
lt
h
S
u
rv
e
y
APPENDIX A. SUPPORTING INFORMATION TO SLR 229
8
4
2
0
1
3
T
a
re
q
u
e
,
B
e
g
u
m
a
n
d
a
n
d
S
a
it
o
B
a
n
g
la
d
e
sh
a
g
e
d
6
0
+
se
x
,
a
g
e
T
L
E
,
D
F
L
E
(a
)
v
is
io
n
;
(b
)
h
e
a
ri
n
g
;
(c
)
w
a
lk
in
g
a
n
d
c
li
m
b
in
g
;
(d
)
d
iffi
c
u
lt
y
in
re
m
e
m
b
e
ri
n
g
a
n
d
c
o
n
c
e
n
tr
a
ti
n
g
;
(e
)
se
lf
c
a
re
;
(f
)
sp
e
a
k
in
g
a
n
d
c
o
m
m
u
n
ic
a
ti
n
g
.
S
u
ll
iv
a
n
’s
m
e
th
o
d
B
a
n
g
la
d
e
sh
’s
H
o
u
se
h
o
ld
In
c
o
m
e
a
n
d
E
x
p
e
n
d
it
u
re
S
u
rv
e
y
(H
IE
S
)
8
5
2
0
1
1
T
ia
n
e
t
a
l.
C
h
in
a
a
g
e
d
5
5
+
se
x
,
a
g
e
,
sm
o
k
-
in
g
st
a
tu
s
(c
o
n
tr
o
ll
in
g
fo
r
m
a
ri
ta
l
st
a
tu
s,
e
d
u
c
a
ti
o
n
,
d
is
-
tr
ic
t,
a
lc
o
h
o
l
c
o
n
su
m
p
ti
o
n
(i
n
m
e
n
o
n
ly
),
sr
h
,
a
n
d
p
h
y
si
c
a
l
d
is
a
b
il
it
ie
s)
T
L
E
,
A
L
E
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
B
e
ij
in
g
L
o
n
g
it
u
d
in
a
l
S
tu
d
y
o
f
A
g
e
in
g
8
6
1
9
9
5
T
su
ji
e
t
a
l.
J
a
p
a
n
a
g
e
d
6
5
+
se
x
,
a
g
e
T
L
E
,
A
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
S
e
n
d
a
i
L
o
n
g
it
u
d
in
a
l
S
tu
d
y
o
f
A
g
in
g
8
7
2
0
0
2
T
su
ji
,
S
a
u
v
a
g
e
t,
a
n
d
H
is
a
m
ic
h
i
J
a
p
a
n
a
g
e
d
6
5
+
se
x
,
a
g
e
T
L
E
,
A
L
E
,
D
L
E
A
D
L
,
IA
D
L
,
lo
c
o
m
o
ti
o
n
M
u
lt
is
ta
te
li
fe
ta
b
le
S
u
rv
e
y
s
c
o
n
d
u
c
te
d
b
y
th
e
a
u
-
th
o
rs
8
8
1
9
9
3
v
a
n
d
e
n
B
o
s
a
n
d
v
a
n
d
e
r
M
a
a
s
T
h
e
N
e
th
e
r-
la
n
d
s
a
g
e
d
5
5
-
7
9
se
x
,
a
g
e
,
in
d
e
x
o
f
in
c
o
m
e
,
e
d
u
-
a
ti
o
n
a
n
d
o
c
c
u
-
p
a
ti
o
n
T
L
E
,
m
o
rb
id
it
y
-f
re
e
L
if
e
E
x
p
e
c
ta
n
c
y
,
D
F
L
E
ch
ro
n
ic
c
o
n
d
it
io
n
s,
d
is
a
b
il
it
y
S
u
ll
iv
a
n
’s
m
e
th
o
d
8
9
2
0
0
9
W
a
lt
e
r
e
t
a
l.
T
h
e
N
e
th
e
r-
la
n
d
s
a
g
e
d
5
5
+
se
x
,
B
M
I,
w
a
is
t
c
ir
c
u
m
(c
o
n
tr
o
l-
li
n
g
fo
r
a
g
e
e
d
u
in
c
o
m
e
sm
o
k
in
g
a
lc
o
h
o
l
li
v
in
g
si
tu
a
ti
o
)
T
L
E
,
D
F
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
R
o
tt
e
rd
a
m
S
tu
d
y
9
0
2
0
0
9
Y
a
rd
im
e
t
a
l.
T
u
rk
e
y
a
g
e
d
6
0
+
se
x
,
ru
ra
l
u
rb
a
n
n
a
ti
o
n
a
l
le
v
e
l
T
L
E
,
H
L
E
n
o
t
m
e
n
ti
o
n
e
d
P
re
st
o
n
-C
o
a
le
(5
0
%
)
M
e
th
o
d
c
o
rr
e
sp
o
n
d
in
g
to
H
o
ri
u
ch
i
M
e
th
o
d
(1
)
T
u
rk
is
h
D
e
m
o
g
ra
p
h
ic
a
n
d
H
e
a
lt
h
S
u
rv
e
y
(2
)
V
e
rb
a
l
A
u
-
to
p
sy
S
u
rv
e
y
APPENDIX A. SUPPORTING INFORMATION TO SLR 230
9
1
2
0
0
4
Y
i,
D
a
n
a
n
a
n
d
L
a
n
d
C
h
in
a
a
g
e
d
8
0
-
1
0
5
se
x
,
a
g
e
,
d
is
a
b
il
-
it
y
st
a
tu
s
T
L
E
,
A
L
E
,
D
L
E
A
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
C
L
H
L
S
9
2
2
0
0
1
Y
i
e
t
a
l.
C
h
in
a
a
g
e
d
8
0
+
se
x
,
a
g
e
,
ru
ra
l
u
rb
a
n
a
re
a
T
L
E
,
A
L
E
,
D
L
E
(m
il
d
,
se
v
e
re
)
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
H
e
a
lt
h
y
L
o
n
g
e
v
it
y
S
u
rv
e
y
9
3
2
0
0
9
Y
o
n
g
a
n
d
S
a
it
o
J
a
p
a
n
a
g
e
d
2
5
+
se
x
,
a
g
e
,
y
e
a
r
T
L
E
,
H
L
E
(g
o
o
d
,
a
v
e
ra
g
e
a
n
d
p
o
o
r
h
e
a
lt
h
)
S
R
H
S
u
ll
iv
a
n
’s
m
e
th
o
d
K
o
k
u
m
in
S
e
ik
a
st
u
K
is
o
C
h
o
sa
(C
o
m
p
re
h
e
n
si
v
e
S
u
rv
e
y
o
f
L
iv
-
in
g
C
o
n
d
it
io
n
s
o
f
th
e
P
e
o
p
le
o
n
H
e
a
lt
h
a
n
d
W
e
lf
a
re
)
9
4
2
0
1
1
Y
o
n
g
,
S
a
it
o
a
n
d
C
h
a
n
S
in
g
a
p
o
re
a
g
e
d
5
5
+
se
x
,
a
g
e
T
L
E
,
y
e
a
rs
o
f
li
fe
w
/
a
n
d
w
/
o
d
is
-
e
a
se
s,
y
e
a
rs
o
f
li
fe
w
/
a
n
d
w
/
o
im
p
a
ir
-
m
e
n
ts
,
y
e
a
rs
o
f
li
fe
w
/
a
n
d
w
/
o
fu
n
c
-
ti
o
n
a
l
d
is
a
b
il
it
ie
s
ch
ro
n
ic
d
is
e
a
se
s,
im
-
p
a
ir
m
e
n
ts
(b
o
n
e
/
jo
in
t,
lu
n
g
/
b
re
a
th
in
g
,
h
e
a
ri
n
g
,
e
y
e
/
v
is
io
n
,
a
n
d
m
o
b
il
it
y
p
ro
b
le
m
s)
,
A
D
L
S
u
ll
iv
a
n
’s
m
e
th
o
d
N
a
ti
o
n
a
l
S
u
rv
e
y
o
f
S
e
n
io
r
C
it
i-
z
e
n
s
(N
S
S
C
)
9
5
2
0
1
2
Y
o
n
g
a
n
d
S
a
y
to
J
a
p
a
n
a
g
e
d
6
5
+
se
x
,
a
g
e
,
e
d
u
c
a
-
ti
o
n
T
L
E
,
A
L
E
,
IA
L
E
A
D
L
,
IA
D
L
M
u
lt
is
ta
te
li
fe
ta
b
le
N
ih
o
n
U
n
iv
e
rs
it
y
J
a
p
a
n
e
se
L
o
n
-
g
it
u
d
in
a
l
S
tu
d
y
o
f
A
g
in
g
9
6
2
0
1
0
Z
im
m
e
r
e
t
a
l.
C
h
in
a
a
g
e
d
5
5
+
a
g
e
,
se
x
,
ru
ra
l
u
rb
a
n
a
re
a
T
L
E
,
A
L
E
A
D
L
a
n
d
g
e
n
e
ra
l
p
h
y
si
c
a
l
m
o
v
e
m
e
n
t
ta
sk
s
n
e
c
e
ss
a
ry
fo
r
in
d
e
p
e
n
d
e
n
t
li
v
in
g
M
u
lt
is
ta
te
li
fe
ta
b
le
B
e
ij
in
g
M
u
lt
id
im
e
n
si
o
n
a
l
L
o
n
g
i-
tu
d
in
a
l
S
tu
d
y
o
f
A
g
in
g
APPENDIX A. SUPPORTING INFORMATION TO SLR 231
Table A.5: Full population of studies screened for the systematic review
Prisma
phases
Exclusion
criteria
n Author Year Title
F
u
ll
-t
ex
t
ar
ti
cl
es
as
se
ss
ed
fo
r
el
ig
ib
il
it
y
Not
focused on
outcome of
interest
5
Di Gessa and
Grundy
2014 The relationship between active ageing and health us-
ing longitudinal data from Denmark, France, Italy and
England
Leveille et al. 1999 Aging successfully until death in old age: Opportunities
for increasing active life expectancy
Avlund et al. 1999 Active life in old age - Combining measures of functional
ability and social participation
Hirai et al. 2012 Social Determinants of Active Aging: Differences in Mor-
tality and the Loss of Healthy Life between Different In-
come Levels among Older Japanese in the AGES Cohort
Study
Yang et al. 2014 Socioeconomic status, comorbidity, activity limitation,
and healthy life expectancy in older men and women:
a 6-year follow-up study in Japan
Not
focused on
exposure of
interest
3
Laditka and
Wolf
1998 New methods for analyzing active life expectancy
Manton et al. 1993 Forecasts of active life expectancy: policy and fiscal im-
plications
Mathers et al. 2002 Global patterns of healthy life expectancy for older
women
Not
focused on
older
population
6
Geronimus et
al.
2001 Inequality in life expectancy, functional status, and ac-
tive life expectancy across selected black and white pop-
ulations in the United States
Lau et al. 2012 Healthy Life Expectancy in the Context of Population
Health and Ageing in India
Molla, Cen-
ters for
Disease and
Prevention
Control
2013 Expected years of life free of chronic condition-induced
activity limitations - United States, 1999-2008
Murray and
Lopez
1997 Regional patterns of disability-free life expectancy and
disability adjusted life expectancy: Global Burden of Dis-
ease Study
Payne et al. 2013 Disability Transitions and Health Expectancies among
Adults 45 Years and Older in Malawi: A Cohort-Based
Model
Wolfson 1996 Health-adjusted life expectancy
Methods 6
Fukuda et al. 2005 Municipal health expectancy in Japan: decreased healthy
longevity of older people in socioeconomically disadvan-
taged areas
Noale et al. 2012 Longevity and health expectancy in an ageing society:
implications for public health in Italy
Salomon et al. 2012 Healthy life expectancy for 187 countries, 1990-2010: a
systematic analysis for the Global Burden Disease Study
2010
Jagger et al. 2008 Inequalities in healthy life years in the 25 countries of
the European Union in 2005: a cross-national meta-
regression analysis
Kondo et al. 2005 Factors explaining disability-free life expectancy in
Japan: the proportion of older workers, self-reported
health status, and the number of public health nurses
Van Oyen et
al.
2010 Gender gaps in life expectancy and expected years with
activity limitations at age 50 in the European Union:
associations with macro-level structural indicators
Appendix B
ICF items classification
Dom
ain
# Questions
1th
level
2nd
level
3rd
level
4th
level
Im
p
ai
rm
en
t
1 High blood pressure or hypertension 4 20
2 Arthritis (including osteoarthritis , or rheumatism) 7 10
3 Parkinson’s disease 7 35 6
4 Any emotional, nervous or psychiatric problems 1 26 3
5 Dementia, organic brain syndrome, senility or any other serious mem-
ory impairment
1 17
6 Is your eyesight (using glasses or corrective lens as usual) [excellent to
poor]
2 10
7 How good is your eyesight for seeing things at a distance, like recognis-
ing a friend across the street (using glasses or corrective lens as usual)?
[excellent to poor]
2 10 0 0
8 How good is your eyesight for seeing things up close, like reading ordi-
nary newspaper print (using glasses or corrective lens as usual)? [ex-
cellent to poor]
2 10 0 1 or 2
9 Is your hearing (using a hearing aid as usual) [excellent to poor] 2 30
10 How often do you have problems with dizziness when you are walking
on a level surface?
4 15 8
11 Have you ever had any pain or discomfort in your chest? 2 80 1 1
12 Have you ever had a severe pain across the front of your chest lasting
for half an hour or more?
2 80 1 1
Table B.1: ICF items classification
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13 Are you troubled by shortness of breath when hurrying on level ground
or walking up a slight hill?
4 60
14 Have you had attacks of wheezing or whistling in your chest at any
time in the last 12 months?
4 60
15 This might not be easy to talk about, but we would like to ask you about
incontinence. During the last 12 months, have you lost any amount of
urine beyond your control?
6 20 2
16 (Much of the time during the past week), you felt depressed? 1 26
17 Are you often troubled with pain? 2 80
18 How would you rate your memory at the present time? [excellent to
poor]
1 44
19 Do you get pain or discomfort in either of your legs which comes on
when you walk?
2 80
A
ct
iv
it
y
1 Walking 100 yards 4 50 0
2 Sitting for about two hours 4 10 3
3 Getting up from a chair after sitting for long periods 4 10 8
4 Climbing several flights of stairs without resting 4 55 1
5 Climbing one flight of stairs without resting 4 55 1
6 Stooping, kneeling, or crouching 4 10 2
7 Reaching or extending your arms above shoulder level 4 45 2
8 Pulling or pushing large objects like a living room chair 4 49
9 Lifting or carrying weights over 10 pounds, like a heavy bag of groceries 4 30
10 Picking up a 5p coin from a table 4 40 0
11 Dressing, including putting on shoes and socks 5 40
12 Walking across a room 4 50 0
13 Bathing or showering 5 10 1
14 Eating, such as cutting up your food 5 50
15 Getting in or out of bed 4 10
16 Using the toilet, including getting up or down 5 30 8
17 Do you find it difficult to follow a conversation if there is background
noise, such as TV, radio or children playing (using a hearing aid as
usual)?
2 30 8
18 How often do you have problems with keeping your balance when you
are walking on a level surface?
4 15 8
19 (Much of the time during the past week), your sleep was restless? 1 34 3
20 By yourself and without using any special equipment, how much diffi-
culty do you have walking for a quarter of a mile? [1 no difficulty, 2
some difficulty, 3 much difficulty? 4 or, are you unable to do this?]
4 50 0
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P
ar
ti
ci
p
at
io
n
1 Preparing a hot meal 6 30
2 Using a map to figure out how to get around in a strange place 4 69
3 Shopping for groceries 6 20 0
4 Making telephone calls 3 60 0
5 Doing work around the house or garden 6 49
6 Managing money, such as paying bills and keeping track of expenses 8 60
7 Do you use public transport Why don’t you use public transport more
often?[My health prevents me]
4 70 2
8 What were your reasons for retiring? [2 Own ill health] 8 45 2
9 What were your reasons for taking early retirement? [2 Own ill health] 8 45 2
10 Are you a member of any of these organisations, clubs or societies?
(Political party, trade union or environmental groups; Tenants or resi-
dent groups; Neighbourhood Watch; Church or other religious groups;
Charitable associations; Education, arts or music groups or evening
classes; Social and Sports clubs; Any other group)
9 50
11 Did you do any of these activities during the last month, that is since
date a month ago? (Paid work; Self-employment; Voluntary work;
Cared for a sick or disabled adult; Looked after home or family; At-
tended a formal educational or training course)
8 50
Appendix C
Overview of the content of the ELSA
questionnaire
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